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SUBSTirOTOD 3-AMINO-2-HYDROXyPHENYLACETAMIDE DERIVATIVES AS 
5 ENZYME INHIBITORS (II) 

T^r;|inieal Field 

In one aspect, the present invention relates to coinpounds 
which are potent and specific inhibitors of thrombin. In 

10 another aspect, the present invention relates to novel peptide 
aldehydes, their pharmaceutically acceptable salts, and 
pharmaceutically acceptable coiqpositions thereof which are 
useful as potent and specific inhibitors of blood coagulation 
in vitro and in vivo in mammals. In yet another aspect, the 

15 invention relates to methods of using these inhibitors as 

therapeutic agents for diseeise states in mammals characterized 
by abnormal thrombosis. 

• Normal hemostasis is the result of a complex balance 
between the processes of clot formation (blood coagulation) 
and clot dissolution (fibrinolysis) . The coicplex interactions 
between blood cells, specific plasma proteins and the vascular 
25 surface, .maintain the fluidity of blood unless injury and 

blood loss occur. 

Blood coagulation is the culmination of a series of 
airqplif ied reactions in which several specific zymogens of 
serine proteases in plasma are activated by limited 
30 proteolysis. Nemerson, Y. and Nossel, H.L., Aon^ ESZ- 

33 : 479 (1982) . This series of reactions results in the 
formation of an insoluble fibrin matrix which is required for 
the stabilization of the primary hemostatic plug. The 
interaction and propagation of the activation reactions occurs 
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through the extrinsic and intrinsic pathways of coagulation, 

These pathways are highly inter-dependent and converge in 
the formation of the serine protease. Factor Xa. Factor Xa 
catalyzes the penultimate step in the blood coagulation 
cascade which is the formation of the serine protease 
thrombin • This step occurs following the assembly of the 
prothroiribinase complex which is composed of factor Xa, the 
non-enzymatic co-factor Va and the stibstrate prothrombin 

■ 

assembled on the surface of adhered, activated platelets or 
systemically circulating membranous microparticles • 

Proteolytic activation of zymogen factor X to its 
catalytically active form, factor Xa, can occur by either the 
intrinsic or extrinsic coagulation pathways. 

The intrinsic pathway is referred to as "intrinsic" 
because everything needed for clotting is in the blood. Saito, 
H., "Normal Hemostatic Mechanisms", Disorders ^ Hemostaai.e^ . 
pp. 27-29, Grune & Stratton, Inc. {0- D. Ratnoff, M.D. andiC. 
D. Forbes, M,D, edit, 1984) . This pathway is cojc5)rised of the 
zymogen serine proteases, factors IX and XI, and the non- 
enzymatic co-factor, factor VIII. The initiation of the 
intrinsic pathway results in the activation of factor XI to 
XIa. Factor XIa catalyzes the activation of factor IX to 
factor IXa which in combination with the activated form of 
factor VIII on an appropriate phospholipid surface, results in 
the formation of the tenase con^lex. This ccitplex also 
catalyzes the formation of the serine protease, factor Xa, 
from its zymogen, factor X which subsequently results in clot 
formation. 

The extrinsic pathway is referred to as "extrinsic" 
because the tissue factor which binds to cuid facilitates the 
activation of factor VII comes from outside the blood. Saito, 
Id. The major components of this pathway are the zymogen 
serine protease, factor VII, and the membrane boiind protein, 
tissue factor. The latter serves as the requisite non- 
enzymatic co-factor for this enzyme. The initiation of this 
pathway is thought to be an autocatalytic event resulting from 
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the activation of zymogen factor VII hy trace levels of 
activated fact r VII (factor Vila) , both of which are boxind to 
newly exposed tissue factor on membrane sxirfaces at sites of 
vascular damage. The factor Vlla/tissue factor complex 
5 directly catalyzes the formation of the serine protease, 

factor Xa, from its zymogen, factor X. Exposxire of blood to 
injvired tissue initiates blood clotting by the extrinsic 
pathway. 

The formation of thrombin is catalyzed by factor Xa 

10 following the assembly of the catalytic prothrombinase con^lex 
as reviewed by Mann, K. G. et. al., "Surface-Dependent 
Reactions of the vitamin K-Dependent Enzyme Complexes", Blood , 
2£: 1-16 (1990) • This complex is con?>osed of factor Xa, the 
non-enzymatic co-factor Va and the substrate prothrombin all 

15 assembled on an appropriate phospholipid sxirface. The 
• requirement of a macromolecular complex for efficient 
catalysis results in the protection of factor Xa from natural 
anticoagulant mechanisms such as heparin-antithrombin III 
mediated inhibition. Teite, J. M. and Rosenberg, R. D., 

20 'Protection of Factor Xa from neutralization by the heparin- 
cuitithrombin complex", J[. Clin . Invest . . 21: 1383-1391(1983) • 
In addition, sequestration of factor Xa in the prothrombinase 
con^jlex also renders it resistant to inhibition by exogenous 
heparin therapy which also requires antithrombin III to elicit 

25 its anticoagulant effect. 

Thrombin is the primary mediator of thrombus formation. 
Thrombin acts directly to cause formation of insoltjQsle fibrin 
from circulating fibrinogen. In addition, thrombin activates 
the zymogen factor XIII to the active transglutaminase factor 

30 Xllla which acts to covalently stabilize the growing thrombus 
by crosslinlcing the fibrin strands. Lorand, L.- and Konishi, 
K., ardtl. Biochen^ . Biophvs . . 125.: 58 (1964). Beyond its • 

direct role in the formation and stabilization of fibrin rich 
clots, the enzyme has been reported to have profound 
3S bioregulatory effects on a number of cellular components 

within the vasculature and blood, Shioman, M.A., Ann . Ny Acad , 
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Ssi. , ini: 349 (1986) . 

It is believed that thrombin is the most potent agonist 
of platelet activation, and it has been demonstrated to be the 
priinary pathophysiologic-mediator of platelet-dependent 
5 arterial thrombus formation. Edit, J.F. et al,, J[. clin . 

Invest, . 24: 18 (1989). Thrombin-mediated platelet activation 
leads to ligand-induced inter-platelet aggregation principally 
due to the bivalent interactions between adhesive ligands such 
as fibrinogen and f ibronectin with platelet integrin recepl^ors 

10 such eis glycoprotein lib/ Ilia which assume their active 

conformation following thrombin activation. Bemdt, M.C. and 
Phillips, D.R. , Platelets in Bioloav and P^thn^nrfy. pp 43-74, 
Elsevier/North Holland Biomedical Press (Gordon, J.L. edit. 
j^l981) , Thrombin-activated platelets can also sijpport further 

15 thrombin production through the assembly of new prothrombinase 
'and tencise (factor IXa, factor Villa and factor X) catalytic 
coirplexes on the membrane surface of intact activated 
platelets and platelet-derived microparticles, following 
thrombin-mediated activation of the non-enzymatic cofactors V 

20 and VIII, respectively. Tans, G. et al., BloQ<g . 77 ; 2641 

(1991) • This positive feedback process results in the local 
generation of large concentrations of thrombin within the 
vicinity of the thrombus which supports further thrombus 
growth and extension. Mann, K.G. et al.. Blood . 76 ; 1 (1990). 

25 In contrast to its prothrombotic effects, thrombin has 

been shown to influence other aspects of hemostasis. These 
include its effect as an inportant physiological 
anticoagulant. The anticoagulant effect of thrombin is 
expressed following binding of thrombin to the endothelial 

30 cell membrane glycoprotein, thrombomodulin. Vhis is thought 
to result in an alteration of the substrate specificity of 
thrombin thereby allowing it to recognize and proteolytically 
activate circulating protein C to give activated protein c 
(aPC) . Musci, G. et al., Biochemistry. 22: 769 (1988). aPC is 

35 a serine protease which selectively inactivates the non- 
enzymatic co-factors Va and Villa resulting in a down- 



^^^^^i, 5 PCT/US98/25167 

WO 99/26920 

regulation of thrombin formation by the prothronibinase. and 
tenase catalytic complexes, respectively. Esmon, C.T., 
Science > 225.: 1348 (1987) . The activation of protein C by 
thrombin in the absence of thrombomodulin is poor. 
5. Thrombin has also been shown to be a potent direct 

mitogen for a number of, cell types, including cells of 
mesenchymal' origin such as vascular smooth muscle cells, Chen, 
L.B. and Buchanan, J.M., £cs£. BaU.* ££ad- Ssi. 22L: 131 

(1975) . The direct interaction of thrombin with veiscular 
10 smooth muscle also results in vasoconstriction. Walz, D.A. et 
al., Proc . Soc , ExdI . Biol . MS^., 140.: 518 (1985). Thrombin 
acts as a direct secretagogue inducing the release of a number 
of bioactive substances from vasculeir endothelial cells 
including tissue plasminogen activator. Levin, E.G. et al., 
15 ^ Thromb . Haemost ,. 5i: 115 (1986). In addition to these direct 
: effects on vascular cells, the enzyme can indirectly elaborate 
potent mitogenic activity on vascular smooth muscle cells by 
the release of several potent growth factors (e.c^. platelet- 
derived growth factor and epidermal growth factor) from 
20 platelet a-granules following thrombin- induced activation. 
Ross, R., M. aaal. il. Msd., ill: 408 (1986). 

Many significant disease states are related to abnormal 
hemostasis. With respect to the coronary arterial 
vasculature, abnormal thrombus formation due to the rupture of 
25 an established atherosclerotic plaque is the major cause of 
acute myocardial infarction and unstable angina. Moreover, 
treatment of an occlusive coronaury thrombus by either 
thrombolytic therapy or percutaneous transluminal coronary 
angioplasty (PTCA) is often acconpanied by an acute thrombotic 
30 reclos\ire of the affected vessel which requires Immediate 
resolution. With respect to the venous vasculattire, a high 
percentage of patients undergoing major s\irgery in the lower 
extremities or the abdominal area suffer from thrombus 
formation in the venous vasculature which can result in 
35 reduced blood flow to the affected extremity and a 
predisposition to pulmonary embolism. Disseminated 
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intravascular coagxilopathy commonly cciirs within both 
vascular systems dxiring septic shock, certain viral infections 
and cancer and is characterized by the rapid consumption of 
coagulation factors and systemic coagulation which results in 
the formation of life-threatening thrombi occurring throughout 
the vasculatxire leading to widespread organ failure • 

Pathogenic thrombosis in the arterial vasculature is a 
major clinical concern in today's medicine, it is the leading 
cause of acute nyocairdial infeurction which is one of the 
leading causes of death in the western world. Recxirrent 
arterial thrombosis also remains one of the leading causes of 
failure following enzymatic or mechanical recanalization of 
occluded coronary vessels using thrombolytic agents or 
percutaneous transluminal coronary angioplasty (PTCA) , 
^respectively. Ross, A.M., Thrombosis in gar- diovasgt^l 
Disorder, p^ 327, W.B. Sauaders Co« (Fuster, V. and 
Verstraete, M. edit. 1991); Califf, R.M. and Willerson, 
Id. at p 389. In contrast to thrombotic events in the venous 
vasculature, arterial thrombosis is the resxilt of a coicrplex 
interaction between fibrin formation resulting from the blood 
coagulation cascade and cellular congponents , particulcirly 
platelets, which make up a large percentage of arterial 
thrombi. Heparin, the most widely used clinical anticoagulant 
administered i.v., has not been shown to be universally 
effective in the treatment or prevention of acute eirterial 
thrombosis or rethrombosis . Prins, M.H. and Hirsh, J,, j^, 

Cardiol . . Sit 3A (1991). 

Besides the ui5>redictable, recurrent thronibotic 
reocclusion which commonly occurs following PTCA, a profound 
restenosis of the recanalized vessel occurs in 30 to 40% of 
patients 1 to 6 months following this procedxire. Califf, R.M. 
et ai:, Coll. Cardiol > , H: 2B (1991). These patients 

require fiirther treatment with either a repeat PTCA or 
coronary artery bypass surgery to relieve the newly formed 
stenosis. Restenosis of a mechanically damaged vessel is not 
a thrombotic process but instead is the result of a 
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l^rperproliferative response in the stirrounding smooth muscle 
cells which over time results in a decreased luminal diameter 
of the affected vessel due to increased muscle mass. Isi. As 
for airterial thrombosis , there is cxirrently no effective 

5 pheonnacologic treatment for the prevention of vascular 
restenosis following mechanical recanalization. 

The need for safe and effective therapeutic 
anticoagulants has in one aispect focused on the role of the 
serine protease thrombin in blood coagulation. 

10 Most preferred natural sxibstrates for thrombin are 

reported to contain an tincharged amino acid in the P3 
recognition stjbsite. For example , the thrombin cleavage site 
on the Aa chain of fibrinogen, which is the pr im a r y 
physiological stijstrate for thrombin, is reported to contain a 

15 glycine residue in this position while the cleavage site on 
the Bb chain contains a serine, as shown below: 

P4 P3 P2 PI PI 

Gly-Gly-Val-Arg/Gly Fibrinogen Aa Ch a i n 
[SEQ. ID. NO. 1] 
20 Phe-Ser-Ala-Arg/Gly Fibrinogen Bb Chain 

[SEQ. ID. NO. 2] 

Pep t idyl derivatives having an uncharged residue in the 
P3 position axe said to bind to the active site of thrombin 

25 and thereby inhibit the conversion of fibrinogen to fibrin and 
cell\ilar activation have been reported. These derivatives 
have either an aldehyde, chloromethyl ketone or boronic acid 
functionality associated with the PI amino acid. For example, 
substrate-like peptidyl derivatives such as D-phenylalanyl- 

30 prolyl-argininal (D-Phe-Pro-Arg-al) , D-phenylalanyl-prolyl- 
arginine-chloromethyl ketone (P-PACK) and acetyl-D- 
phenylalanyl-prolyl-boroarginine (Ac- (D-Phe)-Pro-boroArg) have 
been reported to inhibit thrombin by directly binding to the 
active site of the enzyme. Bajusz, S., ^vmoosia Bioloqica 

35 Hunaarica . 25.: 277 (1984), Bajusz, S. et al, J. Mfid. Chsm. , 

21: 1729 (1990) and Bajusz, S. et al.. Int. JL, P,eptide Protein 
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Saa. 12.: 217 (1970); Kettner, C, and Shaw, E., Methods 
Enzvmgl > » M: 826 (1987), Kettner, C. et al., EP 293,881 
(piiblished December 7, 1988) , Kettner, C, et al., Biol , 
£h^«/ 2£&: 18209 (1990). These molecules have been reported 
to be potent anticoagulants in the prevention of platelet-rich 
arterial thrombosis. Kelly, A.B. et al., Thcomb. Haemogf-an . 
£5.: 736 at abstract 257 (1991) . Other pepti<fyl aldelqrdes have 
been proposed or reported as inhibitors of thrombin. Bey, p. 
et al., EP 363,284 (pxjblished April 11, 1990) and 
Balasubramanian, N. et al., EP 526,877 (pxdDlished February 10, 
1993), 

Peptidyl confounds which are said to be active site 
inhibitors of thrombin but which differ in structure from 
those containing a imchcorged amino acid in the P3 recognition 
subsite have been reported. 

The compound, Argatroban (also called 2R,4R-4-methyl-l- 
[N-2- (3-methyl-l, 2 , 3 , 4-tetrahydro-8-quinolinesulf onyl) -L- * 
argininy]-2-piperdinecarboxylic acid), is also reported to 
bind directly to the active site of thrombin and has been 
thought to be the most potent and selective compound in the 
class of non-peptidyl inhibitors of this enzyme. Okamoto, S. 
et al., Pic<?hgn\> Biophvs . C^iomuil./ 1£LL: 440 (1981). 

Argatroban has been reported to be a potent antithrombotic 
agent in several experimental models of acute arterial 
thrombosis. Jang, I.K. et al., in both CireulatS^^ ^ 219 

(1990) and CixQ. fiaa., £2: 1552 (1990). 

Peptidyl compounds which are said to be inhibitors of 
thrombin and whose mode of action is * thought to be by binding 
to both the active site and another site on the enzyme have 
been reported. Hirudin and certain peptidyl derivatives of 
hirudin have been reported to inhibit both conversion of 
fibrinogen to fibrin and platelet activation by binding to 
either both the active site and exo site, or the exo site 
only, of thrombin. Markwardt, P., a33CS2Ilfc. Haemostag . . 141 

(1991) . Hirudin is reported to be a 65 amino acid polypeptide 
originally isolated from leech salivary gland extracts', it is 
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said to be one of the most potent inhibitors of thrombin 
known. Marki, W.E. and Wallis, R.B., Thromb - Haemostas . . 64 ; 

344 (1990) . It has been reported to inhibit thrombin by 
binding to both its anion-binding exo-site and to its 

5 catalytic active site which are distinct and physically 

distant from each other. Fydel, T.J. et al.. Science . 249 :277 
(1990) . Hirudin has been reported to be a potent 
antithrombotic agent in vivo . Mfeurkwardt, P, et al., 
Pharmazie , H: 202 (1988); Kelly, A.B. et al., Blood. 22: 

10 (1991) , In addition to its antithrombotic effects, hirudin 
has been reported to also effectively inhibit smooth muscle 
proliferation and the associated restenosis following 
mech£uaical damage to a atherosclerotic rabbit femoral artery. 
Sarenbock, I.J. et al., circulation . M: 232 (1991). 

15 Hirugen has been reported to be a peptide derived from 

* the anionic carboxy- terminus of hirudin. It is reported to 
bind only to the anion binding exo-site of thrombin and 
thereby inhibit the formation of fibrin but not* the catalytic 
turnover of small synthetic substrates which have access to 

20 the xinblocked active site of the enzyme. Maraganore, J.M. et 
al., il. Biol , Chem .. 2£4: 8692 (1989); Naski, M.C. et al., J. 
Biol . Chem , ■ 265 : 13484 (1990). The region of hirudin 
represented by hirugen has been reported, as according to by 
x-ray crystallographic analysis, to bind directly to the exo 

25 site of thrombin. Skrzypczak-Jankun, E. et al., Thromb, 

Haemostas . . £5,: 830 at abstract 507 (1991). Moreover, the 
binding of hirugen has also been reported to enhance the 
catalytic turnover of certain small synthetic substrates by 
thrombin, indicating that a conformational change in the 

30 enzyme active site may accoir?)any occupancy of the exo-site. 
Liu, L.W. et al., J. Biol , Chsm., 16977 (1991). Hirugen 

also is reported to block thrombin-mediated platelet 
aggregation. Jakubowski, J. A. and Maraganore, J.M., 
IS: 399 (1990) . 

35 A group of synthetic chimeric molecules comprised of a 

hirugen-like sequence linked by a glycine- spacer region to the 
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peptide, D-phenylalanyl-prolyl-arginine, which is based on a 
preferred substrate recognition site for thrombin, has been 
termed to be hdlrulog. Maraganore et al., U.S. Patent No. 
5,196,404 (March 23, 1993). The hirugen-like sequence is said 
5" to be linked to this peptide through the C- terminal end of the 
peptide. Maraganone, J.M. et al., B^ochemij=;^,^ n ^ ^ 29 : 7095 
(1990) . The hirulogs have been reported to be an effective 
antithrombotic agents in preventing both fibrin-rich and 
platelet-rich thrombosis. Maraganone, J.M. et al., Thromb . 

10 Haemostas . , 651 at abstract 17 (1991). 

Certain benzamidines have been reported to inhibit 
thrombin though non-selectively. 4-amidinophenylpyruvic acid 
(APPA) has been reported to be a thrombin inhibitor with low 
£ toxicity and favourable pharmacokinetics. However, this 

15 " compound was reported to be non-selective, inhibiting 

trypsin, plasmin and kallikrein. Mar)cwardt et al., ThrQm>> . 
BfifiLw 1:243-52 (1972). Other benzamidine-derived structures 
which have been reported to inhibit thrombin include the 
cylic amides of N^- substituted 4-amidinophenylalanine and 2- 

20 amino-5- (4-amidinophenyl) -1-valeric acid. The inhibitory 
constant displayed by these compoxinds was reported to be in 
the micromolar range. Markwardt et al., Thromb . Res . . 
17:425-31 (1980). Moreover, derivatives of 4- 
amidinophenylalanine whose a-amino group is linked to the 

25 arylsulfonyl residue via an w-ami noalkylcarbo3Qrlic acid as 
spacer have also been assessed for their inhibitory effect. 
Among these N^{2-naphthylsulphonylglycyl) -4-amidino- 
phenylalanine piper idide (a-NAPAP) has been reported to 
possess an affinity for throiribin (Ki=6 x 10~9 M) . Banner et 

30 al., il, Sifil. Chffli., 2££:20085 (1991) and Stxirzebecher et 
al., Thcsanb. Sga., 2^:635-42 (1983). 

Certain bis -benzamidines have been reported to inhibit 
thrombin. The anti thrombin activity of bis -benzamidines was 
reported to increase with the length and bulkiness of the 
35 central chain. However, these compounds were reported to be 
generally toxic in the micromolar range where they are also 
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inhibitory. Geratz et. al., 3lB:saib. Diath. Haemorrh . . 
22:154-67 (1973); Geratz et. al., il. Mfid- Chatt., l£:970-5 
(1973); Geratz et. al., 3I. Msd» £h^w 12:634-9 (1976); 
Walsmann et. al., Acta Biol , Ited- Germ . , 25.:Kl-8 (1976); and 
5 Hauptmann et. al.. Acta Biol , Med . SsrEw 22:635-44 (1976). 

Certain amidino-bearing aromatic ring structures such a 
b-naphthami dines have been reported to possess modest 
antithrombin and anticoagulant activity. This class of 
confounds include the non-selective 6-amidino-2-naphthyl- 4- 
10 guanidinobenzoate diinethanes\ilfonate (FOT 175) . Fuji et al., 
fiiashim- BifiDtos.. Acta. 121:342-5 (1981); and Hitomi et. al., 

« 

Haemostftsig. 12:164-8 (1985). 

Certain phenylguanidines have been reported to inhibit 
^thrombin. Derivatives of 4-guanidinophenylalanine with 
15 inhibitory constants in the micromolar range have been 

' reported to inhibit thrombin. This class includes the N*- 
tosylated and dansylated 4-guanidino phenylalanine 
piperidides. Claeson et. al., Thromb , Haemostas > . 50 ;53 

(1983). Another catapoxjixd, (ethyl p- (6-guanidinohexcinoylo5Qr) 
20 benzoate] methane sulfonate (FOY) was reported to be a non- 
selective competitive inhibitor of thrombin. Ohno et al., 

Ihronia. Bsa.. 12:579-588 (1980). 

Certain compounds having iidiibitory activity toward 
serine proteases, including thrombin, factor Xa, and trypsin, 
25 sore disclosed within the following commonly assigned United 
States patents or published PCT applications: US 5,371,072; 
5,492,895; 5,534,498; 5,597,804; 5,637,599; 5,646,165; 
5,656,600; 5,656,645; WO 94/13693; WO 95/35311; WO 95/35313; 
WO 96/19493. 

30 
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Summary of the Tnvention 

Novel compounds of the present invention include 
compounds of the formula (I) : 




wherein 

(a) X is selected from the group consisting of -5(0)2-/ 
'^N{R*)-S(0)2-, -C(=0)-, -0C(=0)-, -NH-C(=0)-, -P(0) (R") - and 

10 'a direct link, wherein R' is l^drogen, eJ-J^ri of 1 to about 4 
carbon atoms, aryl of about 6 to about 14 carbon atoms or 
Eiralkyl of about 6 to about 16 carbon atoms, and*R" is NHR', 
OR* , R' , or SR* ; 

(b) Ri is selected from the group consisting of: 

15 (1) alJcyl of 1 to about 12 carbon atoms, 

(2) allQ^l of 1 to about 3 carbon atoms stjbstituted 

* 

with cycloalkyl of about 5 to about 8 carbon atoms, which 
optionally is sxibstituted on the ring ceirbons with hydroxyl, 
amino, guanidino, amidino, Ci to C3 al]c/l, Ci to C3 alkoxy, 
20 or -C02R', 

(3) cycloalkyl of 3 to about 15 czarbon atoms, 

* 

which optionally is substituted on the ring ccirbons with 
hydroxyl, amino, guanidino, amidino, Ci to C3 alkyl, Ci to C3 
alkoxy, or -C02R*# 
25 (4) heterocycloalkyl of 4 to about 10 ring atoms 

with the ring atoms selected from csirbon and heteroatoms, 
wherein the heteroatoms eure selected from the group 
consisting of oxygen, nitrogen, and S(0)i, wherein i is 0, 1 

or 2, and which is optioncJ.ly substituted on the ring carbons 
30 with l^^oxyl, amino, guanidino, amidino, Ci to C3 alkyi, ci 
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to C3 alkoxy, or -CO2R' / 

(5) heterocyclo of 4 to about 10 ring atoms with 
the ring atoms selected from carbon and heteroatoms^ wherein 
the heteroatoms are selected from the groijp consisting of 

5 oxygen, nitrogen, and S(0)i and which is optionally 

sxibstituted on the ring carbons with hydroxy 1, amino, 
guanidino, amidino, Ci to C3 alley 1 or alko^Qr, or -CO2R', 

(6) alkenyl of 2 to about 6 carbon atoms which is 

optionally subs.tituted with cycloallQrl of about 3 to about '^8 

10 carbon atoms, which optionally is substituted on the ring 
carbons with hydroxyl, amino, guanidino, amidino, Ci to C3 

alkyl, Ci to C3 alkoxy, or -C02R'* 

(7) aryl of about 6 to about 14 carbon atoms which 
is optionally mono-, di- or tri-substituted with Yi, Y2, 

15 tand/or Y3, 

(8) heteroaryl of about 5 to about 14 ring atoms 
with the ring atoms selected from carbon and heteroatoms, 
wherein the heteroatoms axe selected from oxygeg, nitrogen, 
and S{0)i, and which is optionally mono-, di- or tri- 

20 substituted on the ring carbons with Yi, Y2, and/or Y3, 

(9) aralkyl of about 7 to about 15 carbon atoms 
which is optionally substituted on the alkyl chain with 
hydroxy or halogen which is optionally mono-, di-, or tri- 
siibstituted on the aryl ring with Yi, Y2, and/ or Y3, 

25 (10) he teroar alkyl of 5 to about 14 ring atoms with 

the ring atoms selected from carbon and heteroatoms, wherein 
the heteroatoms are selected from oxygen, nitrogen, and 
S(0)i, which is optionally substituted on the alkyl chain 

with hydroxy or halogen and which is optionally mono-, di- or 
30 tri-s\abstituted on the ring with Yi, Y2, and/ or Y3, 

(11) aralkenyl of about 8 to about 16 carbon atoms 
having 5 to about 14 ring atoms which is optionally mono-, 
di-, or tri-substituted on the aryl ring with Yi, Y2/ and/ or 

Y3, 

35 (12) heteroaralkenyl of 5 to about 14 ring atoms 

with the ring atoms selected from carbon and heteroatoms, 
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wherein the heter atoms are selected from ox^en, nitrogen, 
aiid S(0)i, and which is optionally mono-, di- or tri- 
substituted on the ring with Yi, Y2, and/or Y3, 



(13) O 




10 



(14) HO 




H3C-.CH3 



(15) 




(16) 




OH , 



15 



20 



25 



atoms. 



atoms. 



(17) perfluoroaDcyl of 1 to about 12 carbon atoms, 

(18) perfluoroaryl of about 6 to about 14 carbon 

(19) perfluoroaraD^l of about 7 to about 15 ceirbon 

(20} faydrogen, and 

— N V — 
(21) , wherein ^— ^ is a 5 to 7 meinbered 

heterocyclic ring having 3 to 6 ring carbon atoms, where V is 

-CH2~, -S(=0)-, -S(0)2- or -S-, 

wherein Yi, Y2, and Y3 are 

(i) independently selected from the group 
consisting of hydrogen,, halogen, cyano, nitro, tetrazolyl. 
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eonino/ guanidino, amidinOi methylamino^ iQethylguanidino, 
-CF3r -CF2CF3, -CF2H, -CH(CF3)2. -C(OH) (CF3)2, -OCF3, 
-OCF2CF31 -0C{0)NH2, -OC(0)NHZl, -0C(0)N2i22, -NHC(0)Zi, 
-NHC(0)NH2, -NHC(0)NHZ1, -NHC (0)NZiZ2 , -C(0)OH, -C{0)NH2, 
5. .C(0)NHZl, -C(0)NZ1Z2, -C(0)OZi, -P(0)3H, -P{0)3H2, -PH(0)OH, 
-P (0)3 (21)2* -S(0)3H , -S(0)jj^Z3,^ -Z^, -OZ^, -OH, -NHj, -NHZi, 
and -NZiZ2r wherein m is 0, 1 or 2, and Z^ and Z2 are 

independently selected from the group consisting of alkyl of 
1 to about 12 cairbon atoms, aryl of about 6 to about 14 
10 carbon atoms, heteroaryl of about 5 to about 14 atoms having 
1 to about 9 carbon atoms, aralkyl of about 7 to about 15 
carbon atoms, and heteroaxalkyl of about 6 to about 11 atoms 
having about 3 to about 9 carbon atoms, or 
^ (ii) Yl and Y2 are selected together to be 

15 -0[C(23) {Z4)]gO-, wherein q is an integer from 1 to 4 and Z3 
and Z4 are independently selected from the group consisting 
of hydrogen, alkyl of 1 to about 12 cairbon atoms, aryl of 
about 6 to about 14 carbon atoms heteroaryl of about 5 • to 
about 14 atoms having 1 to about 9 carbon atoms, ciralJ^l of 

20 about 7 to about 15 ccurbon atoms, and heteroaralkyl of about 
6 to about 11 atoms having about 3 to about 9 ceurbon atoms; 
(c) R2 is selected from the group consisting of 

hydrogen, alkyl of 1 to about 4 carbon atoms, and alkenyl of 

about 2 to about 4 czurbon atoms; 
25 (d) R3 is selected from the group consisting of 




where d is an integer from 0 to 5 and W is -N- or -CH-; 
(e) R4 is selected from the group consisting of 

(i) -Ri, -ORi, -NHRi, -S(0)nRlr wherein n is 0, 1 
30 or 2, and Ri is as defined above, with the proviso that Ri is 

not a camphor derivative , or ^^^-^ heterocycle. 
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(ii) -CF3, -CF2H, -CX:F3, or -OCF2H, 

(iii) halogen, 

(iv) alkyl of 1 to 6 carbon atoms substituted with 
Z5, wherein Z5 is selected from the group consisting of 

5 hydrogen, -OH, -ORa, -CH3, halogen, -C(0)OH, -C(0)0R8 and 
-S{0)pR8i wherein Rs is alJo^l of 1 to about 6 carbon atoms, 
and p is 0, 1 or 2 

(v) alkyl of 1 to 3 carbon atoms substituted with 
cycloalkyl of '3 to 5 carbon atoms, 

10 (vi) alkenyl of about 3 to about 6 carbon atoms, 

« 

(vii) cycloalkyl of about 3 to about 10 carbon 

atoms , 

(viii) heteroaryl of about 5 to about 10 ring atoms 
having 1 to about 9 ring carbon atoms and the remainder of 

.£1 

15 „ the ring atoms heteroatoms selected from oxygen^ sulfxir and 
•nitrogen, and 

(ix) heteroaralkyl of about 5 to about 10 ring 
atoms having about 2 to about 15 carbon atoms which include 1 
to about 9 ring carbon atoms and the remainder of the ring 
atoms heteroatoms selected from oxygen, sulfur and nitrogen; 



20 



(f) R5 is selected from the group consisting of 

<i) -Rli -ORi, -NHRi, -S(0)nRl/ wherein Ri is as 
defined above, with the proviso that Ri is not a camphor 

25 derivative or heterocycle, 



30 



(ii) -CF3, -CF2H, -OCF3, or -OCF2H, and 

(iii) halogen; 

(g) R6 is selected from the group consisting of 

(i) Rl. -ORi, -NHRi, -S(0)nRi, wherein Ri is as 
defined above, with the proviso that Ri is not a camphor 



— N v 

derivative or heterocycle, 

(ii) -CF3, -CF2H, -OCF3, or -OCF2H, 

(iii) halogen, 

(iv) alkyl of 1 to about 12 ceirbon atoms 
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sxabstituted with 26 * wherein Zg is selected from the group 
consisting of hydrogen, hydr xy, hsdogen, -ORs, -NHR9, 
-C(0)OH, -C{0)0R9, and -S(0)pR9, wherein Rg is allcyl f 1 to . 
about 12 carbon atoms, aryl of about 6 to about 10 carbon 

5 atoms, eoralkyl of about 7 to about 12 carbon atoms, 

heteroaryl of about 5 to about 10 ring atoms having 1 to 
about 9 ring ceirbon atoms and the remaiinder of the ring atoms 
heteroatoms selected from oxygen, sulfur and nitrogen, which 
is optionally mono-, di- or tri- substituted in the ring 

10 carbons with Yi, Y2 and/or ¥3; or heteroaralkyl of about 5 to 

about 10 ring atoms having 1 to about 9 ring carbon atoms and 
the remainder of the ring atoms heteroatoms selected from 
oxygen, sxilfur euid nitrogen, and which is optionally mono-, 
di- or tri- sxibstituted on the ring carbons with Yi, Y2 

15 and/or Y3; 

(v) alkyl of 1 to about 3 carbon atoms substituted 
with cycloalkyl of about 3 to about 8 carbon atoms; 

(vi) alkenyl of 2 to about 6 carbon atoms which is 
optionally substituted with cycloalkyl of about 3 to about 8 

20 carbon atoms, aryl of about 5 to about 10 ceirbon atoms or 
heteroaryl of of about 5 to about 10 ring atoms having 1 to 
about 9 ring carbon atoms , 

(vii) aralkyl of about 7 to about 15 ceirbon atoms 
which is optionally sxabstituted on the allqri chain with 

25 hydroxy or halogen, and optionally mono-, di- or tri- 
substituted on the aryl ring with Yi, Y2 and/ or Y3^ 

(viii) heteroaralkyl of about 5 to about 10 ring 
atoms having 1 to about 9 ring carbon atoms and the remainder 
of the ring atoms heteroatoms selected from oxygen, sulfur 

30 and nitrogen, which is optionally substituted on the allqri 
chain with hydroxy, or halogen, and optionally mono-, di- or 
tri-sxjbstituted on the ring carbons with Yi, Y2 and/or Y3, 

(ix) aralkenyl of 6 to about 15 carbon atoms which 
is optionally mono-, di- or tri-substituted on the aryl ring 

35 with with Yi, Y2 and/ or Y3, and 

(x) heteroaralkenyl of about 5 to about 10 ring 
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atoms having 1 to 9 ring carbon atoms and having the 
remainder of the ring atoms heteroatoms selected from oxygen, 
sulfur and nitrogen, which is optionally mono-, di- or tri- 
sxjbstituted on the ring carbons with Yi, Y2 and/ or 73, as 
defined above; and 

(h) R7 is selected from the group consisting of 

(i) Ri, wherein Ri is as defined above, with the 

proviso that Ri is not a camphor derivative or 
heterocycle, 

(ii) -CF3,or -CF2H, 

(iii) alkyl of 1 to about 10 carbon atoms, 
optionally substituted with -CH2OR10, -CO2R10, -SO2R10/ or 

-CONRioRn, 

(iv) alkenyl of about 3 to about 10 carbon atoms, 
: optionally substituted with -CH2OR10/ -CO2R10, 

-SO2R10* -CONRioRll, 

(v) cycloalkyl of 3 to about 10 carbon atoms, 
optionally substituted with -CH2OR10, -CO2R10, -SO2Rl0# 
-CONRioRxi, 

(vi) heteroaryl of about 5 to about 10 ring atoms 
having about 1 to about 9 Ccirbon atoms, optionally 
sxabstituted with -CH2OR10, -CO2R1O/ 

-SO2R10. -CONRioRll, and 

(vii) alkyl of 1 to about 3 carbon atoms 
substituted with heteroaryl of about 5 to about 10 ring atoms 
having about 1 to about 9 Ceirbon atoms, optionally 
substituted with -CH2ORi0r -CO2R10. -'SO2R10. -CONRioRn, and 
vdierein each of Rio and Rn is independently selected and is 
alkyl of 1 to about 4 carbon atoms or hydrogen; or 
pharmaceutically acceptable salts thereof. 

^ttnong other factors, the present invention is based. on 
oxir finding that these novel conpounds are active as 
selective inhibitors of thrombin in vivo and in vitro. 
Furthermore, certain of the preferred compounds of the 
present invention have been foxind to exhibit advantageous 



wo 99/26920 



19 



PCTAJS98/25I67 



selectivity in that they are potent inhibitors of thrombin, 
but are much less active and much less potent in inhibiting 
plasmin and trypsin. Certain compounds of the present 
invention may also have broader serine protease inhibitory 
5 activity. 

According to an alternate aspect of the present 
invention, also provided are conpounds of formula (II) which 
have inhibitory activity towards proteases of the 
trypsin/ chymotrypsin class. This aspect of the invention Is 
10 directed to compounds of formula (II) : 

^ I 

o 

I 

(II) 

wherein a substituted phenol or phenyl ether is ^present in 
the conpound in place of the amide bond of an inhibitor that 
madces l^drogen bonds to amino acid 216 in the 
15 trypsin/chymo trypsin class of serine proteases. Thus, 

according to this aspect of the present invention, provided 
are compounds of formula (II) , wherein X, Ri, R2, R4, R5, Rg, 
and R7 are as defined hereinabove in connection with formula 
(I), and 

20 (a) R12 is selected from the group consisting of 

(i) alkyl of 1 to about 12 ceurbon atoms optionally 
substituted with amino, amidino, or guanidino, 

(ii) arall^l of 7 to about 15 carbon atoms which is 
optionally substituted on a ring carbon with amino, amidino 

25 or gxumidino, 

(iii) aryl of 6 to about 14 carbon atoms which is 
optionally substituted on a ring ccirbon with amino, amidino, 
or guanidino, and 

(iv) heteroaralkyl of 5 to about 14 ring atoms 
30 having about 1 to about 13 ring carbon atoms and the 
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remainder .of the ring atoms heteroatoms selected from o^^gen, 
nitrogen and sulfur which is optionally substituted on a ring 
carbon with amino, amidino or guanidino; 
and 

(b) TS is selected from the group consisting of 



(i) 


-OK), 


(ii) 


-C (0) CF3 , 


(iii) 


-C (0) CF2CF3 , 


(iv) 


-C (0) -C (0) -HHR13 , 


(V) 


-C(0)-C(0)2Ri3, 


(vi) 


-C(0)-C(0)-NRi3Ri4 


(vii) 


-B(0Ri3) (OR14), 


(viii) 


-C(0)CH2C1, and 


(ix) 


-C(0)Ri5; 



' wherein R23 and are independently selected from hydrogen 
lower alkyl of 1 to about 6 carbon atoms, cycloaJ^Jcyi of 3 ' to 
about 10 carbon atoms, aralkyl of 7 to about 15 carbon atoms, 
and heteroaradkyl of about 5 to about 10 ring atoms having 
about 2 to about 15 carbon atoms which include 1 to about 9 
ring carbon atoms and the remainder of the rdLng atoms 
heteroatoms selected from oxygen, nitrogen and sulfxir, and 
Rj^S is selected from aryl of 6 to about 14 carbon atoms and 

heteroaryl of 5 to about 14 ring atoms having 1 to about 13 
ring carbon atoms and the remainder of the ring atoms 
selected from oxygen, nitrogen and sulfur. In the case where 
TS is (vii) , additionally -OR13 and -OR14 may be taken 

together to be -0[C(23) (Z4)]qO- wherein Z3, Z4 and q are as 
defined in connection with formula (I) , Also included are 
pharmaceutically acceptable salts of the compoxands of formula 
(II) . 

In another aspect, the present invention is directed to 
pharmaceutical compositions comprising a therapeutically 
effective amoimt of a compound of the present invention and a 
pharmaceutically acceptable carrier. 
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In yet another aspect, the present invention is directed 
to methods o£ using the conpounds and pheomaceutical 
coiopositions of formula (I) for the prevention of or treating, 
of thrombosis in a mammal suspected of having a condition of 
5 abnormal thrombosis, which comprises administering to said 
mammal a therapeutically effective amount of a confound of 
the present invention or phsunnaceuticail coznposition 
concprising such a coxapound. 

10 Definitions 

In accordance with the present invention and as used 
herein, the following terms sure defined to have following 
meanings, trnless explicitly stated otherwise: 
. The term "alkenyl" refers to iinsattirated aliphatic 

15 . groups having at least one double bond. 

The term "alkyl" refers to saturated aliphatic groups 
including straight-chain, branched-chain and cyclic groups. 

The terms "alkosQ^" and ^alkoxyl" refer to « group having 
the formula, R-0-, wherein R is an alkyl group. 
20 The term "alkoxycsirbonyl" refers to -0(0) OR wherein R is 

alkyl. 

The term "suralkeiyl" refers to an alkenyl group 
substituted with an aryl group. 

The term "euraUcyl" refers to an alJcyl group sxibstituted 
25 with an aryl group. Suitable arallq^l gro\^s include benzyl, 
phenethyl, and the like, all of which may be optionally 
sxibstituted. 

The term "aryl' refers to aromatic groups which have at 
least one ring having a conjugated pi electron system and 
30 includes carbocyclic aryl, heterocyclic aryl and biaryl 
groups, all of which may be optionally substituted. 

The term "aryloxy" refers to a group having the formula, 
R-0-, wherein R is an aryl group. 

The term "euralkoxy" refers to a group having the formula, 

• * 

35 R-0-, wherein R is an aralkyl group. 

The term "amino acid" refers to natural amino acids. 
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xannatxiral amino acids, and amino acid analogs, all in their D 
and L stereoisomers if their structxire allow such 
stereoisomeric. Natural amino acids include alanine (Ala), 
arginine (Arg) , asparagine (Asn) , aspartic acid .(Asp) , 
cysteine (Cys) , glutamine (Gin) , glutamic acid (Glu) , glycine 
(Gly) , histidine (His), isoleucine (lie), leucine (Leu), 
lysine (Lys) , methionine (Met) , phenylalanine (Phe) , proline 
(Pro), serine (Ser), threonine (Thr) , tryptophan (Trp) , 
tyrosine (Tyr) and valine (Val) . Unnatural amino acids 
include, but are not limited to azetidinecarboxylic acid, 2- 
aminoadipic acid, 3 -aminoadipic acid, beta-alanine, 
aminopropionic acid, 2-aminobutyric acid, 4-aminobutyric acid, 
6-aminocaproic acid, 2-aiainoheptanoic acid, 2-aminoisobutyric 
'^'acid, 3-aminoisobutyric acid, 

: 2-aminopimelic acid, 2,4-diaminoisobutyric acid, desmosine, 
2,2 '-diaminopimelic acid, 2, 3-diaminopropionic acid, N- 
ethylglycine, N-ethylasparagine, hydroxylysine, ^llo- 
hydr oxyly s ine , 3 -hydroxyproline , 4 -lydroxyproline , 
isodesmosine, allo-isoleucine, N-methylglycine, N- 
methylisoleucine, N-methyl valine, norvaline, norleucine, 
ornithine and pipecolic acid. Amino acid analogs include the 
natural and imnatural amino acids which are chemically 
blocked, reversibly or irreversibly, or modified on their N- 
terminal amino group or their side-chain groups, as for 
example, methionine sulfoxide, methionine sulfone, 
S- (carboDQTnethyl) -cysteine, S- (carbosQTtiethyl) -cysteine 
sulfoxide and S- (carboxymethyl) -cysteine sulfone. 

The term "amino acid analog" refers to an amino acid 
wherein either the C-terminal carboxy group, the N-terminal 
amino group or side-chain fimctional group hcts been 
chemically modified to another functional group. For 
example, aspartic acid- (beta-methyl ester) is an amino acid 
analog of aspartic acid; N-ethylglycine is an amino acid 
analog of glycine; or alanine carboxamide is an amino acid 
analog of alanine. 

The term "amino acid residue" refers to radicals having 
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the structure: (1) -C{0)-R-NH-, wherein R typically is - 
CH(R')-# wherein R* is H or a carbon containing sxibstituent; 

<^ ^C{=0)- 
N 

or (2) I , wherein p is 1, 2 or 3 representing the 

azetidinecarboxylic acid, proline or pipecolic acid residues, 
5 respectively. 

"Biaryl" refers to phenyl substituted by carbocyclic or 
heterocyclic aryl as defined herein, ortho, meta or para td 
the point of attachment of the phenyl ring. 

"Brine" refers to an aqueous saturated solution of sodium 
10 chloride . 

"Carbocyclic aryl" refers to aromatic gro\jps wherein the 
ring atoms on the aromatic ring are carbon atoms. 
Carboc^lic aryl groups include monocyclic carbocyclic aryl 
• groups and naphthyl groups, all of which may be optionally 
15 substituted. Sxiitable Ccirbocyclic aryl groups include phenyl 
and naphtlyl. Suitable substituted carbocyclic aryl groups 
include indene and phenyl substituted by one to two 
substituents such being advcintageously lower allcyl, hydroxy, 
lower alkoxy, lower alkoxycarbonyl , heJLogen, trif luoromethyl, 
20 dif luoromethyl, nitro, and cyano. Substituted naphthyl 
refers to naphtl^l, more preferably 1- or 2 -naphthyl, 
substituted by Y^/ Y2 and/ or y3 as defined in connection with 

formula (I) hereinabove.. 

"Cycloalkenyl" refers to a cyclic alkenyl group. 
25 Suitable cycloalkenyl groups include, for exair?>le, 
cyclopentenyl and cyclohexenyl. 

"Cycloalkyl" refers to a cyclic alkyl group. Suitable 
cyclocJ.kyl groups include, for example, cyclohejQrl, 
cyclopropyl, cyclopentyl, and cycloheptyl . 

"Cyclohexylmethyl" refers to a cyclohesQrl group attached 
to CH2. 

The term "halogen" refers to fluorine, chlorine, bromine 
and iodine. 



30 
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"Heteroaralkenyl" refers to an alkenyl group substitued 
with a heteroaryl, and includes those heterocyclic systems 
described in "Handbook of Chemistry and Physics", 49th 
edition, 1968, R.C. Weast, editor; The Chemical Rubber Co., 
Cleveland, OH. See particularly Section C, Rules for Naming 
Organic Coir^jounds, B. Fundamental Heterocyclic Systems. 
Preferably the alkenyl group has from 2 to about 6 carbon of 
atoms • 

"Heteroaralkyl" refers to an aDc/l group substituted with 
a heteroaryl, such as picolyl, and includes those heterocyclic 
systems described in **Handbook of Chemistry and Physics", 49th 
edition, 1968, R.C. Weast, editor; The Chemical Rubber Co., 
Cleveland, OH. See particularly Section C, Rules for Naming 
Organic Coicpoxmds, B. Fundamental Heterocyclic Systems. 
Preferably the alkyl group has from 1 to about 6 carbon atoms. 

"Heteroaryl" refers to aryl groups having from 1 to 9 
ring caorbon atoms and the remainder of the ring atoms 
heteroatoms, and includes those heterocyclic systems described 
in "Handbook of Chemistry and Physics", 49th edition, 1968, 
R.C. Weast, editor; The Chemical Rubber Co., Cleveland, OH. 
See particularly Section C, Rules for Naming Organic 
Compounds, B. Fundamental Heterocyclic Systems. Suitable 
heteroatoms include ojcygen, nitrogen, S(0)i, wherein i is Oi 1 
or 2, and s\ii table heterocyclic aryls include fiiranyl, 
thienyl, pyridyl, pyrrolyl, pyrimi^l, pyrazinyl, imidazolyl, 
and the like. 

"Heterocyclo" refers to a reduced heterocyclic ring 
system comprised of carbon, nitrogen, oxygen and/or sulfur • 
atoms, and includes those heterocyclic systems described in 
"Handbook. of Chemistry and Physics", 49th edition, 1968, R.c. 
Weast, editor; The Chemical Rubber Co., Cleveland, OH. See 
particfularly Section C, Rules for Naming Organic Conpounds, B. 
Fundamental Heterocyclic Systems. 

"Heterocycloalkyl" refers to an alkyl group siobstituted 
with a heterocyclo group, and includes those heterocyclic 
systems described in "Handbook of Chemistry and Physics", 49th 
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edition, 1968, R,C. Weast, editor; The Chemical Rubber Co., 
Cleveland, OH. See particularly Section C, Rules for Naming 
Organic Conpounds, B. Fundamental Heterocyclic Systems. 
Preferably the alkyl group has from 1 to about 6 carbon atoms. 

5- The term "lower" referred to herein in connection with 

organic radicals or groups defines such radicals or groups 
with one and up to and including 5 ceurbon atoms, preferably 
up to and including 4 ceirbon atoms, and advantageously one or 
two carbon atoms. Such radicals or groups may be straight 

10 chain or branched chain. 

. "Perfluoroalkyl" refers to an alkyl group which has 
every hydrogen replaced with fluorine. 

"Perfluoroaryl" refers to an eucyl group which has every 
hydrogen replaced with fluorine. 

15t' "Perfluoroaryl alkyl" refers an arallqrl group in which 

every hydrogen on the aryl moiety is replaced with fluorine. 

"Pharmaceutically acceptable salt" includes salts of the 
corapovinds of the present invention derived f rom^ the 
combination of such cornpoxinds and an organic or inorganic 

20 acid. In practice the \ise of the salt form amoxmts to use of 
the base form. The compounds of the present invention are 
useful in both free base and salt form, with both forms being 
considered as being within the scope of the present 
invention . 

25 The term "Arg-al" refers to the residue of L-argininal 

which has the formula: 



— HN 



CHO 



NH 
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The .term "Arg-ol" 
which hcis the formula: 



refers to the residue of L-argininol 



— HN 



OH 



NH 



" (5) -tP-nitroaxgininol l^drochloride" refers to the 
co^ipound which has the fozinula: 



HCI- H2N 



OH 



NH 

HjN^N-NOa 



■ N-alpha- t-bu t oxycaurboiiyl -NS-ni tro 
the contpound which has the formula: 



-L-etrginine" refers to 



NH 

HjN'^N-NOj 



"Bn" refers to benzyl. 

■Boc' refers to t-butoscycarbonyl. 

"B2ISO2" refers to benzylsulfonyl, 

"Cbz" or •CBz* refers to benzyloxycarbonyl . 
"DCA" refers to dichloroacetic acid. 
"DCC" refers to N,N*-dic^clohexylcarbodiimide. 
•DMF" refers to N, N-dimethylf ormamide • 
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■DMSO" refers to dimethyl sulfoxide. 
■DMAP" refers to 4-N,N-dimethylaminopyridine. 
■EDC" refers to l-ethyl-3- O-dimethylamino- 
propyDcarbodiimide hydrochloride salt. 
5 "Et3N" refers to triethylamine . 

"EtOH" refers to ethanol. 

•HBTU" refers to 2-ClH-beiizotriazol-l-yl)-l,l,3,3- 

tetramethyluroniuzn hexaf luorophosphate. 

"HCl" refers to lydrochloric acid. 

10 "HOAc" refers to acetic acid. 

■HPLC" refers to high pressiire liquid chromatography. 

"HOBt" refers to l-l^droxybenzotriazole moxiol^ydrate. 

"i-BuOCOCl" refers to isobutylchloroformate. 
■LiAlH4" refers to lithium aluminum hydride. 

15 '^^ -LiAlH2(OEt)2 refers to lithium aluminum dihydride 

' diethoxide . 

"Me" refers to metlyl. 

"NMM" refers to N-methylmorpholine . 

■PhB(0H)2" refers to phenylboronic acid. 

20 "THF" refers to tetrahydrofuran. 

"TLC" refers to thin layer chromatography. 



Brief Description of the Drawings 

25 Figure 1 provides a synthetic scheme for compoxind 11, 

which is further detailed in Exairples 1 to 11 . In this 

figure, the steps are defined as follows: In the synthesis 

of (2) from 6-amino-m-cresol : 1. phthalic anhydride, acetic 

acid, reflux to give a 95% yield of (1), N- (2 -hydroxy- 4- 
30 methylphenyDphthalimide) ; and 2. eillyl bromide, K2CO3, 

acetonitrile, reflxix to give 97% yield of (2) . In the 

synthesis of (3) from (2): N,N-dimetiiYlaniline, 185 'C, about 

two hours, to give a 95% yield of (3) . In the synthesis of 
(5) from (3): 1. benzylbromide , K2CO3, acetonitrile, reflux 

35 to give an 81% yield of (4), the benzyl ether derivative of 
(3); and. 2. hydrazine, ethanol, reflux to give a 97% yield of 
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(5) . In the synthesis of (6) from (5) : a-toluene sulfonyl 
chloride, 4-methylinorpholine, acetonitrile, tenperattire 0*C, 
then vrarming to room termperature to give 99% yield of (6) . 
In the synthesis of (8) from (6): 1. ozone gas, methanol, - 
5 78*C; 2. dime thylsul fide, -78 'C, then warming to room 

temperature; 3. IN HCl, acetone, room temperature then reflux 
to give an intermediate phenylacetaldehyde derivative (7); 
and 4. Jones' oxidation, acetone, O'C, then warming to room 
temperature to give approximately quantitative yield of (8*) . 
10 In the synthesis of (10) from (8): 1. hydrochloride salt of 
N^-nitro-L-argininal ethyl cyclol, EDC, 1- 

hydroxybenzotriazole lydrate, N,N-diisopropylethylamine, 
acetonitrile, to give a 69% yield of (9); and 2. H2, Pd/C 

^ catalyst, 55 PSI, ethanol, acetic acid, water to give a 89% 
15; yield of (10). In the synthesis of (11) from (10): 1. 5n 
1 HCIO4, O'C, 60 minutes; and 2. HPLC, to give a 62% yield of 

(11) . 

Figure 2 provides a synthetic scheme for ccmpovind 19, 
which is fxirther detailed in Examples 12 to 14. In this 
20 figure, the steps are defined as follows. In the synthesis 
of (2) from 6-amino-M-cresol: 1. phthalic anhydride, acetic 
acid, reflxjx, to give a 95% yield of (1); and 2. allyl 
bromide, K2CO3, acetonitrile, reflux to give a 97% yield of 

(2) . In the synthesis of (3) from (2) . N,N-dimethylaniline, 
25 185 'C, about two hoiars, to give a 95% yield of (3) . In the 
synthesis of (13) from (3): 1. iodomethane, K2CO3, 

acetonitrile, reflux, to give an 81% yield of (12); and 2. 
hydrazine, ethanol, reflux, to give a 90% yield of (13) . in 
the synthesis of (14) from (13) : a- toluene sulfonyl 

30 chloride, . 4-metlylmorpholine, acetonitrile, tenperature 0*c, 
then warming to room temperature, to give approximately 
quantitative yield of (14) . In the synthesis of (16) from 
(14): 1, ozone gas, methanol, -78 'C; 2. dimethylsulfide 
-78 *C, then wanning to room teniperature, to give an 

35 intermediate phenylacetaldehyde (15); and 3. Jones' 

oxidation, acetone, O'C, then warming to room tenperature, to 



1 
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give a 46% verall yield of (16) . In the synthesis of (18) 

from (16) : 1. hydrochlorid salt of N^-nitro-L-argininaG. 

ethyl cyclol, EDC, HOBt, N,N-diisopropylethylamine 
acetonitrile, to give a 62% yield of (17); and 2. E2, Pd/C 

5 catalyst, 55 PSI, ethanol, acetic acid, water, to give a 65% 
yield of (18) . In the synthesis of (19) from (18): 1. 3n 
HCl, room temperature; and 2. HPLC, to give a 74%, yield of 
(19) . 

Figure 3 depicts a reaction scheme for prepeiration of aii 
10 intermediate used for the synthesis of certain confounds of 
formula (I) . In this figure, "i" through "vi" are defined 
as: i) thionyl chloride, methanol; 

ii) di-tert -butyl dicarbonate, pH 7-8; iii) hydrogen gas, 
platinum oxide in ethanol, water and acetic acid; iv) bis- 

15 benzyloa^carbonyl S-methylisothiourea, base, tetrahydrofuran; 
v) calcixim chloride, sodi\2m borohydride in tetrahydrofuran 
and ethanol; vi) HCl (anhydrous), indicates the position 
of an asymmetric carbon atom. 

Figures 4 and 5 depict preferred reaction schemes for 

20 synthesis of certain cocopounds of formula (1) . In these 
figxires, "i" through "iii" are defined as: i) HOBt, EDC, 
dime thy laminopyridine, triethylamine; ii) hydrogen gas, 10% 
palladixim on charcoal and iii) dime thylsulf oxide, toluene, 
dichloroacetic acid cuid EDC* 

25 Figure 6 depicts a reaction scheme for preparation of an 

intermediate used for the synthesis of certain compounds of 
formula tl) . In this figure, *i' through *xvi' are defined 
as: (i) potass im iodide, dioxane; (ii) 2.5 M sodixim 
ethoxide in ethanol, sirgon atmosphere; reflux 6 hours; (iii) 

30 yield after worki^ 60%; (iv) pyridine, triethylamine; (v) 
H2S(g), stirred at room temperature 16 hours; yield after 

workup 98%; (vi) acetone, iodomethane, reflux 30 minutes, 
filtration, methanol; (vii) ammoniiim acetate, reflux 1 hour, 
filter and dry; (viii) concentrated HCl, reflux 3 hours, 

■ 

35 yield after workup 30%; (ix) dioxane, sodi\im bicarbonate, di- 
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t-butyl dicarbonate, stir 18 hours at room tenperature; (x) 
4**C, 4.0 N NaOH to pH 12; 4-inethoxy-2, 3, 6- 

triinethylbenzenesulfonyl chloride in dioxane; (xi) 1,0 N HCl 
to pH 7-8, water, yield after workup 68%; (xii) 0,N-diiaethyl 
hydroxylamine hydrochloride, hydrosQrbenzotriazole hydrate, 4- 
methylmorpholine, THF, «tir 2 hours, yield after workup 69%; 
(xiii) LiAlH4^ ice/acetone bath; (xiv) aqueous 

potassium bisixlfate, yield after worikt?) 86%; (xv) 4- 
Benzhydrylsemicarbizide trifluoroacetate salt (the compourid 
of Exaitple 23), sodium acetate trihydrate in ethanol, reflxix, 
yield after workup 89%; and (xvi) 50% TFA/DCM, add to ether, 
yield after workup 79%. 

Figure 7 depicts a preferred reaction scheme for 
synthesis of certain compounds of formula (I) . in this 
figure, *i- through *iii' are defined as: (i) EDC, 
hydroxybenzotriazole, 4-methyl-morpholine in DMF; (ii) 
HF/anisole (9:1), aqueous acetic acid; and (iii) methanol, 1% 
HP (aqueous), formalin. 

Figure 8 depicts a reaction scheme for the preparation 
of a con5)ound of formula (II) which incorporates an eurginine 
chloromethylketone moiety at PI, In this figure, *i' through 
•iii* are defined as: (i) EDC, HOBt, NMM, CH3CN, room 
tenperature; (iia) i-BuOCOCl, NMM, DMF at -20**C; (iib) add 
45, DMF, Et3N, allow temperatxire to increase from -20*" to 
room teinperatxire; and (iii) HF, anisole. 

Figure 9 depicts a reaction scheme for the preparation 
of a compotmd of formula (II) which incorporates an argimine 
ketoamide moiety at PI. In this figure, »i' through *iii» 
are defined as: (i) EDC, HOBt, NMM, CH3CN, room temperature; 
(ii) H2, palladium on carbon, EtOH, H2O, HOAc to give 

intermediate 50; and (iii) EDC, DMSO, DCAA, toluene, 
temperatxire is allowed to increase from 0^ to room 

temperature . 

Figure 10 depicts a reaction scheme for the prep€U'ation 
of a. compound of formula (II) having a boronic acid moiety at 
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PI. In this figure i "i' through *vii' are defined as: (i) 
treatment of 16 with iBuCOCl, NMM, THF, at -20*'C; (ii) 

addition of 52, CHCI3; (iii) Et3N, at -20*C; (iv) NaN3; DMF, 

at tentperatxire of 80 to 100**C to give intermediate azide 54; 

5 (v) Pd(0H2) /caarbon, methanol, HCl; (vi) formainidine 

sulfonic acid (H2NC1=NH) SO3H, DMAP, EtOH, reflux, to give 

intermediate 56; and (vii) PhB(0H)2. Et20, H2O, 

Figure 11 depicts a reaction scheme for the preparation 
of a compound of formula (II) having a to C4 

10 perfluoroalkyleurgininyl ketone moiety at PI. In this figure, 
*i' to *vi' are defined as: (i) EDC, HOBt, NMM, CH3CN, at 

room temperature; (ii) i-BuOCOCl, NMM, DMF, tentperatxire about 
-30*C to -15®C to room temperature; (iii) TFA, CH2Cl2i 
t temperature about 0**C to room teinperature to give intermediate 

IS] 60; (iv) bis-Cbz-S-methyl isothiourea (Cb2NHC(=NCb2)SMe) , 
THF, Et3N; (v) Swem oxidation with mixture of 

oxalylchloride, DMSO, Et3N, CH2CI3, tenperature at about -78*C 

to room temperature, to give ketone intermediate 62; and (vi) 
HP, anisole, teinperature at about -7 8^*0 to room teir5)erature . 

20 Figure 12 depicts the reaction scheme for preparation of 

intermediate 69 which is used for the synthesis of certain 
corapoimds of formula (I) • In this figure *i" through *vi' 
axe defined as: i) thionyl chloride, methanol; ii) di-tert- 
butyl carbonate, pH 7-8; iii) hydrogen gas, platinm oxide in 

25 ethanol, water and acetic acid; iv) bis-benzyloxycarbonyl 5- 
methylisothiourea, base, tetrahydrofxiran; v) calcium 
chloride, sodium borohydride in tetrahydrofurin and ethanol; 
vi) HCl (anhydrous). indicates the position of an 

assymetric ceirbon atom. 
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1. Preferre d Novel Coinpounds 

Novel ccsnpounds of the present invention include 
coirpounds of the Formula (I) : 

Rs 

RrX-NH 



wherein 

(a) X is selected from the groi:^ consisting of -S(0)2-/ 
-N(R')-S(0)2-r -C{=0)-, -0C(=0)-, -NH-C{=0)-, -P (O) (R- ) - and 

a direct link, wherein R' is hydrogen, alkyl of ^1 to about 4 
carbon atozos, axyl of about 6 to about 14 carbon atoms or 
eurzilkyl of about 6 to about 16 carbon atoms, and R" is NHR' , 

OR* , R» , or SR* ; 

(b) Ri is selected from the group consisting of: 

(1) alkyl of 1 to about 12 carbon atoms, 

(2) alkyl of 1 to about 3 carbon atoms substituted 
with cycloalkyi of about 5 to about 8 carbon atoms, which 
optionally is substituted on the ring carbons with hydroxyl, 
amino, guanidino, amidino, Ci to C3 allq^l, Ci to C3 alko3cy, 

or -CO2R* # 

(3) cycloalkyl of 3 to about 15 carbon atoms, 
which optionally is sxibstituted on the ring carbons with 
hydro3cyl, amino, guanidino, amidino, Ci to C3 alkyl, Ci to C3 
alko3Qr, or -CO2R' , 

(4) heterocycloallQ^l of 4 to about 10 ring atoms 
with the ring atoms selected from carbon and heteroatoms, 
wherein the heteroatoms eure selected from the group 
consisting of os^rg^, nitrogen, and S(0)i, wherein i is 0, 1 




(1) 



wo 99/26920 



33 



PCTAJS98/25167 



or 2, and. which is optionally sxibstituted. on the ring carbons 
with hydro3Q^l, amino, guanidino, amidino, Ci to C3 alkyl, Ci 

to C3 alkoxy, or -C02R*# 

(5) heterocyclo of 4 to about 10 ring atoms with 
5 the ring atoms selected from carbon and heteroatoms, wherein 
the heteroatoms are selected from the group consisting of 
03q/gen, nitrogen, and S(0)i and which is optionally 

substituted on the ring carbons with hydroxyl, amino, 
guanidino, amidino, Ci to C3 alkyl or alkoyy, or -CO2R', 
0 (6) alkenyl of 2 to about 6 carbon atoms which is 

optionally substituted with cycloallcyl of about 5 to about 8 
carbon atoms, which optionally is substituted on the ring 
carbons with hydroxyl, amino, guanidino, amidino, Ci to C3 

„ allQrl, Ci to C3 alkoxy, or -C02R\ 
15 (7) aryl of about 6 to about 14 csurbon atoms which 

is optionally mono-, di- or tri-stibstituted with Yi, Y2# 
and/or Y3, respectively, 

(8) heteroaryl of 5 to about 14 ring atoms with 
the ring atoms selected from carbon and heteroatoms, wherein 

20 the heteroatoms are selected from oxygen, nitrogen, and 

S(0)i, and which is optionally mono-, di- or tri- substituted 
on the ring carbons with Yi, Y2/ and/ or Y3, 

(9) aralkyl of about 7 to about 15 carbon atoms 
having 6 to about 14 ring atoms which is optionally 

25 substituted on the alkyl chain with hydro3Qr or halogen and 
which is optionally mono-, di-, or tri-sxabstituted on the 
aryl ring with Yi, Y2r and/ or Y3, 

(10) heteroaralkyl of 5 to about 14 ring atoms with 

the ring atoms selected from carbon and heteroatoms, wherein 

30 the heteroatoms are selected from oxygen, nitrogen, and 
S(0)i, which is optionally substituted on the alkyl chain 

with hydra>Qr or halogen and which is optionally mono-, di- or 
tri-substituted on the ring with Yi, Y2, arid/ or Y3, 

(11) aralkenyl of about 8 to about 16 carbon atoms 
35 having 6 to about 14 ring atoms which is optionally mono-, 

di-, or tri-substituted on the aryl ring with Yi, Y2r 'and/ or 
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Y3, 

(12) heteroaxalkez^l of 5 to about 14 ring atoms 
with the ring atoms selected from carbon and heteroatoms, 
wherein the heteroatoms are selected from oxygen, nitrogen, 
5 and S(0)i, and which is optionally mono-, di- or tri- 
si±)stituted on the ring with Yi, Y2i and/or Y3, 



10 



(15) 




(14) HO 





15 (16) OH , 



(17) perfluoroeJLkyl of 1 to about 12 carbon atoms, 

(18) perfluoroaralJQ^l of about 6 to about 14 cfiurbon 

atoms, 

20 (19) perfluoroaralkyl of about 7 to about 15 carbon 

atoms, 

(20) hydrogen, and 



— N V — N V 

(21) ^^'^ , wherein ^^—^ is a 5 to 7 

heterocyclic ring having 3 to 6 ring carbon atoms, where V is 
25 -CH2-, -0-, -S(=0)-, -S(0)2- or -S-, 
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wherein Yi, Y2, and Y3 are 

(i) independently selected from the gr up 
consisting of hydrogen, halogen, cyano, nitro, tetrazolyl, 
amino, guanidino, amidino, methylamino, methylguanidino , 

5 -CF3, -CF2CF3, -CF2H, -CH(CF3)2i -C(OH) (CF3)2/ -OCF3, 

-OCF2CF3, -0C(0)NH2, -0C(0)NH2l, -0C{0)NZiZ2, -NHC(0)Zi, 
-NHC(0)NH2r -NHC(0)NHZl, -NHC{0)N2iZ2, -C(0)OH, C(0)NH2, 
-C(0)NHZl, -C(0)NZlZ2, -C(0)OZi, -P(0)3H, -P(0)3H2, -PH{0)OH, 
-P(0)3(Zl)2/ -S(0)3H , -S{0)jjiZi^ -Z^, -OZi, -OH, -NH^i, 

10 and -NZ1Z2/ wherein in is 0, 1 or 2, and Z^ and Z2 are 

independently selected from the group consisting of alkyl of 
1 to about 12 carbon atc»ns, aryl of about 6 to about 14 
ceirbon atoms, heteroaryl of about 5 to about 14 atoms having 
1 to about 9 carbon atoms, aralkyl of about 7 to about 15 
15 carbon atoms, and heteroaralkyl of about 6 to about 11 atoms 
' having about 3 to about 9 caorbon atoms, or 

(ii) Yi and Y2 are selected together to be . 

-0(C{Z3) (Z4)]^-, wherein q is an integer from 1 to 4 and 23 
and Z4 are independently selected from the group consisting 

20 of hydrogen, alkyl of 1 to about 12 carbon atoms, aryl of 
about 6 to about 14 carbon atoms heteroaryl of about 5 to 
about 14 atoms having 1 to about 9 carbon atoms, aralkyl of 
about 7 to about 15 carbon atoms, and heterocoralKyl of about 
6 to about 11 atoms having about 3 to about 9 carbon atoms; 

25 (c) R2 is selected from the group consisting of 

hydrogen, alkyl of 1 to about 4 carbon atoms, and alkenyl of 

about 2 to about 4 csurbon atoms; 

(d) R3 is selected from the group consisting of 




30 where d is an integer from 0 to 5 and W is -N- or -CH-; 

(e) R4 is selected from the group consisting of 

(i) -Rlf -ORi, -NHRi, -S(0)nRl» wherein n is 0, .1 
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or 2; and. Ri is as defined above, with the proviso that Ri is 



— u V 

not a camphor derivative or heterocycle, 

(ii) -CF3i -CP2H, -OCF2H, 

(iii) halogen, 

5 (iv) al)Qrl of 1 to 6 carbon atoms substituted with 

ZS/ wherein Z5 is selected from the group consisting of 
hydrogen, -OH, -ORs, -CH3, halogen, -C(0)OH, -C(O)0R8 and 
-S{0)pR8, wherein Rg is alkyl of 1 to about 6 carbon atoms,, 
and p is 0, 1 or 2, 

10 (v) alkyl of 1 to 3 carbon atoms substituted vith 

cycloalkyl of 3 to 5 carbon atoms, 

(vi) alkenyl of about 3 to about 6 ccirbon atoms, 

(vii) cycloalkyl of about 3 to about 10 carbon 

M atoms, 

15 . (viii) heteroaryl of about 5 to about 10 ring atoms 

having 1 to about 9 ring carbon atoms and the remainder of 
the ring atoms are heteroatoms selected from oxygen, sulfur 
and nitrogen, and 

(ix) heteroarall^l of about 5 to about 10 ring 

20 atoms having about 2 to about 15 carbon atoms which include 1 
to about 9 ring carbon atoms and the remainder of the ring 
atoms heteroatoms selected from oxygen, sulfur and nitrogen; 

(f) R5 is selected from the group consisting of 

(i) -Rl# -ORi, -NHRi, -S(0.)nRl/ Rl is as defined 
25 above, with the proviso that Ri is not a camphor derivative 

— fT^ 

or heterocycle, 

(ii) -CF3, -CF2H, -OCF3, or -CX:F2H, and 

(iii) halogen; 

(g) R6 is selected from the group consisting of 

30 (i) -Rl, -ORi, -NHRi, -S{0)nRl# wherein Ri is eus 

defined above, with the proviso that Ri is not a camphor . 



— N V 

derivative or heterocycle, 

(ii) -CF3, -CF2H, -OCF3, or -OCF2H, 

(iii) halogen. 
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(iv) alkyl of 1 to about 12 caurbon atoms 
substituted with Zs, wherein 26 is selected from the group 
consisting of hydrogen, hydxoxy, halogen, -OR9, 

-C{0)OH, -C(0)0R9, and -S(0)pR9, wherein Rg is all^l of 1 to 
5 about 12 carbon atoms, aryl of about 6 to about 10 cearbon 
atoms, aralkyl of about 7 to about 12 carbon atoms, 
heteroaryl of about 5 to about 10 ring atoms having 1 to 
about 9 ring carbon atoms and the remainder of the ring atoms 
heteroatoms selected from oxygen, sulfur and nitrogen, which 
10 is optionally mono-, di- or tri- sxibstituted on the ring 

carbons with Yi, Y2 and/or Y3; or heteroaralkyl of about 5 to 

about 10 ring atoms having about 2 to about 15 carbon atoms 
including 1 to about 9 ring carbon atoms and the remainder of 
the ring atoms heteroatoms selected from o^gen, sulfur and 
15 nitrogen, and which is optionally mono-, di- or tri- 

substituted on the ring carbons with Yi, Y2 and/or Y3, and p 

is 0, 1 or 2; 

(v) fidkyl of 1 to about 3 carbon atoms sxabstituted 
with cycloalkyl of about 3 to about 8 csurbon atoins; 

20 (vi) alkenyl of 2 to about 6 csirbon atoms which is 

optionally substituted with cycloalkyl of about 3 to about 8 
carbon atoms, aryl of about 6 to about 10 carbon atoms or 
heteroaryl of about 5 to about 10 ring atoms having about 2 
to about 15 czirbon atoms which include 1 to about 9 ring 

25 carbon atoms, 

(vii) aralXyi of about 7 to about 15 caxbon atoms 
which is optionally s\±>stituted on the alkyl chain with 
bydrox/ or h«J.ogen, and optionally mono-, di- or tri- 
s\ibstituted on the ring carbons with Yi, Y2 and/or Y3, 

30 , (viii) heteroaralkyl of about 5 to about 10 ring 

atoms having 1 to about 9 ring carbon atoms and the remainder 
of the ring atoms heteroatoms selected from oxygen, sulfur 
and nitrogen, which is optionally substituted on the all^l 
chain with hydroxy or halogen, and optionally mono-, di- or 

35 tri -substituted on the ring carbons with Yi, Y2 and/ or Y3, 

(ix) aralkenyl of 6 to about 15 carbon atoms which 
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is optionally mono-, di- r tri-sxabstituted on the aryl ring 
with Yi, Y2 and/or Y3, and 

(x) heteroaralkenyl of about 5 to about 10 ring 

atoms having 1 to 9 ring carbon atoms and the remainder of 

5 the ring atoms heteroatoms selected from oxygen, sulfur and 

nitrogen, which is optionally mono-, di- or tri- sxjbstituted 
on the ring carbons with Yi, Y2 and/ or Y3; and 

(h) R7 is selected from the group consisting of 

(i) Ri, wherein Ri is as defined above with th© 

10 proviso that Ri is not a camphor derivative or ^-^^ 

heterocycle, 

(ii) -CF3,or -CF2H, 

(iii) alkyl of 1 to about 10 carbon atoms, 

1;' optionally substituted with -CH20RiO/- -CO2R10, -SO2Rl0# 
15 , -CONRioRll, 

(iv) alkenyl of about 3 to about 10 csirbon atoms, 
optionally siabstituted with '-CH2OR1O/ -CO2R1O/ 

-SO2R10* -CC»3RioRil# 

(v) cycloalkyl of 3 to about 10 carbon atoms, 
20 optionally stibstituted with -CH20Rio* -C:O2Rl0r -S02RlO#or 

-CONRioRll, 

(vi) heterbcuiYl of about 5 to about 10 ring atoms 
having about 1 to about 9 caurbon atoms, optionally 
sxxbstituted with -CH2OR10, -CO2R1O/ -S02Rl0/Or -CONRioRii, 

25 and 

(vii) all^rl of 1 to about 3 carbon atoms 
substituted with heteroaryl of about 5 to about 10 ring atoms 
having about 1 to about 9 carbon atoms, optionally 
substituted with -CH20Rio^ -CO2RIO1 -SO2R1O/ -CONRioRn, and 

30 wherein each Rio and Rn is independently selected and is 

alkyl of 1 to about 4 carbon atoms or hydrogen; or 
pharmaceutically acceptable salts thereof. 

Preferred X groups include a direct link, -S02-# and 
-NH-S{0)2-. An especially preferred X group is -SO2-. 
35 Preferred Ri groups include alkyl, aralkyl, and aryl 
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groups. Preferred aryl gr ups include sxibstituted or 
unsxjbstituted phenyl and naphthyl, 2r 3-inethylenedio3OTlienyl, 
and 3,4-methylenedio3QTphenyl. Preferred sxibstitutions 
include, methyl, metdaoxy, fluoro, chloro, trifluoromethyl, 
and -OCF3. Meta and ortho ring substitutions are preferred. 

Meta and ortho di-substitutions on the ring are also 



Particularly preferred Ri groups include aralkyl groins. 
Especially preferred Ri groups include stibstituted or 

10 unsubstituted benzyl and naphthylalkyl groups. Cyclohexyl 

and cyclohexylmethyl are also especially preferred Ri groups. 
A particularly preferred R2 group is lydrogen. 
Preferred R3 groups include 




15 ^ and 

Preferred R4 groups include: 

(i) hydrogen, 

(ii) alkyl of 1 to 6 carbon atoms substituted with 
Z5, wherein Z5 is selected from the group consisting of 

20 hydrogen, -OH, -ORg/ -CH3, halogen, -C{0)OH, -C{0)0R8 and 
-S{0)pR8; 

(iii) allQ^l of 1 to 3 carbon atoms sxibstituted with 
cyclic alkyl of 3 to 5 carbon atoms, 

(iv) eilkenyl of about 3 to about 6 carbon atoms, 
25 (v) cycloaU^l of about 3 to about 7 carbon atoms, 

(vi) heteroairyl having 1 to about 4 ring carbon 
atoms and- the remainder of the ring atoms sire heteroatoms 
selected from oxygen, sulfur and nitrogen, 

(vii) heteroaralkyl of 2 to about 6 carbon atoms 
30 having 1 to about 4 ring carbon atoms and the remainder of 

the ring atoms are heteroatoms selected from oxygen, sulfur 
and nitrogen, and 
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. (viii) trif luoromethyl . 
Preferred R4 groups also include methyl, ethyl, 

propenyl, allyl, propyl, isopropyl, butyl, R-sec-butyl, 
S-seC"butyl, isobutyl, l-pent^l, R-2-pentyl, S-2-pentyl, 
3-pentyl, S-l-(2-methyl) -butyl, R-2-( 3 -methyl) -butyl, 

1- (3-methyl) -butyl , R-1- (2-methyl) -butyl , cyclopentyl, 

2- pyrrolyl, 3-pyrrolyl, 1-hexyl, S-2-hexyl, R-2-hexyl, 
R-3-hexyl, S-3-hexyl, hydxoxy, lower alkoxy of 1 to alxjut 4 
carbon atoms , phenylojqr, -OCF3, and halogen. 

Preferred R5 groups include hydrogen, halogen, eJ.kyl of 
1 to about 5 csLTbon atoms, trif luoromethyl, and alko^Qr of 1 

to about 4 carbon atoms. Hydrogen is an especially preferred 
R5 group. 

Preferred Re groups include: 

(i) hydrogen, 

(ii) alkyl of 1 to about 12 carbon atoms 
substituted with Zg, wherein 26 is as defined above, ' 

(iii) alJqrl of 1 to about 3 ceurbon atoms 
substituted with cycloalkyl of about 5 to about 8 carbon 
atoms, 

(iv) alkenyl of about 2 to about 6 carbon atoms 
which is optionally substituted with cycloalkyl of about 3 to 
about 8 carbon atoms, aryl of about 6 to about 10 carbon 
atoms or heteroeiryl of 1 to about 9 carbon atoms, 

(v) aralkyl of about 7 to about 15 carbon atoms 
which is optionally substituted on the alkyl chain with 
hydroxy or halogen, and optionally mono-, di- or tri- 
substituted on the ring carbons with Yi, Y2 and/ or ¥3, 

(vi) heteroaralkyl of about 5 to about 10 ring 
atoms having 1 to about 9 ring carbon atoms and having the 
remainder of the ring atoms heteroatoms selected from oxygen, 
sulfur and nitrogen, which is optionally substituted on the 
alkyl chain with hydroxy or halogen, and optionally mono-, 
di- or tri-substituted on the ring carbons with Yi, Y2 and/ or 

(vii) eoralketvl of about 6 to 15 carbon atoms 
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which is optionally mono-, di- or tri-substituted on the aryl 
ring with Yi, Y2 and/or Y3, and 

(viii) heterociralkenyl of about 5 to about 10 ring - 
atoms having 1 to 9 ring carbon atoms and having the 
5 remainder of the ring atoms heteroatoms selected from oxygen, 
sulfur and nitrogen which is optionally mono-, di- or tri- 
substituted on the ring carbons with Yi, Y2 and/or Y3. 
More preferred Rg groups, when R4 and R5 are 

independently hydrogen or methyl, are selected from the groUp 
10 consisting of arallQrl of about 8 to about 13 carbon atoms, 
-0-Ri, -NH-Ri, and -S{0)pRi wherein Rj is preferably euralkyl 

of about 7 to about 12 csarbon atoms. Preferred aryl 
components of the fiuralkyl groups include unsubstituted and 
Ij- substituted phenyl or naphthyl groups. Preferred 
15 ^ substitutions on the aryl ring include methyl, metho^qr, 
f luoro , chloro , trif luorome thyl , alkoxycarbonyl , 
methylenedioxy and amidocairbonyl . Phenylethyl, phenylpropyl, 
cyclohexylethyl and cyclohesQrlpropyl are especially preferred 
Rg groups. 

20 Especially preferred R7 groups include hydrogen, 

methyl, dif luoromethyl and trifluoromethyl. Hydrogen and 
methyl are especially preferred R7 groups. Preferred R7 

groups also include those selected from the group consisting 
of: 

25 (i) allQri of 1 to about 10 carbon atoms, optionally 

substituted with -C:H20Rio, -CO2R1O/ -S02Rl0iOr 
-CONRioRjLl# 

(ii) alkenyl of about 3 to about 10 ceurbon atoms, 
optionally substituted with -CH2OR1O/ -CO2Ri0r 

30 -S02RlO#or -CONRioRll/ 

(iii) cycloal]cyl of 3 to about 10 carbon atoms, 
optionally s\jtostituted with -CH2OR1O/ -CO2R1O/ -SO2Ri0iOr 
-CONRioRH, 

(iv) aryl and heteroaryl of about 5 to about 10 
35 ring atoms, optioMilly sxibstituted with -CH2OR10, -CO2R1O/ 

-S02RlO/ Or -CONRioRll, and 
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, (v) alkyl of 1 to about 3 carbon atoms substituted 
with heteroaryl o£ about 5 to about 10 ring atoms having 
about 1 to about 9 carbon atoms, optionally substituted with 
-CH2OR1O/ -CO2R10* -S02RlO'Or -CONRloRll. 

5 A particularly preferred embodiment is when R5 and Rg 

are independently selected to be hydrogen or methyl, and R4 
is selected from the group consisting of hydrogen, methyl, 
etlyl, propenyl, allyl, propyl, isopropyl, butyl, R-sec- 
butyl, S-sec-butyl, isobutqrl, 1-pentyl, R-2-pentyl, S-2- 

10 pentyl, 3-pentyl, S-l-( 2 -methyl) -butyl, R-2- (B-metlq^l) -butyl, 
l-( 3 -methyl) -butyl, R-l-(2-methyl) -butyl, cyclopentyl, 2- 
pyrrolyl, 3-pyrrolyl, 1-hexyl, S-2-hexyl, R-2-he3Qrl, R-3- 
hesQTi, and S-3-hexyl, A particularly preferred embodiment 
according to this aspect includes compounds where R4 is 

15 hydrogen or metl^l. 

According to a particularly preferred aspect, provided 
are conpounds of formula I wherein X is -S(0)2-r Rl is 
substituted or unsubstituted euralkyl, and R3 is * 

HN, 




20 and 

A very preferred aspect is directed to such compounds where 
Rl is sxibstituted or unsubstituted benzyl. 

According to another preferred aspect, provided are 
compounds, of formula I, wherein any two of R2, R4, R5, and Rg 

25 are hydrogen, 

Particulaxy preferred compounds according to this 
invention include N-I2-hydro3V-3- (N-benzylsulfonylamino) -6- 
methylpheiQrlacetyll-L-eurgininal (Exanple 11) and N-t2- 
methoxy-3- (N-benzylsulf onylamino) -6-methylphenylacetyll -i- 
30 £urgininal (Example 14) . 

According to another aspect, the present invention is 
directed to compounds having inhibitory activity toward 
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proteases -of the trypsin/ chyme trypsin class. Crystal 
structiires of serine pr tease inhibitors in cozoplex with 
their cognate enzymes have been deterxnined and are available, 
from the Brookhaven National Laboratory Protein Data Bauik. 

5 The three-dimensional crystal structiires of proteases of the 
trypsin/chymotrypsin class axe highly conserved within the 
class. The most potent inhibitors in the class make specific 
hydrogen bonds with st3nict\irally conserved backbone atoms of 
amino acid 216 of the proteeise (using the standard 

10 chymotrypsin nximbering system) . In most inhibitors, these 
hydrogen bonds are formed by atoms of peptide amide bonds or 
sulfonamide bonds. Thus, this aspect of the invention is 
directed to conpounds of formula (II) : 

I II 

Ri-X-NH J — CHHrCO-NH-CHRi2-TS 

o 

I 

"7 (ID 
15 wherein a substituted phenol or phenyl ether is present in 
the compoiond in place of the amide bond of an inhibitor that 
makes hydrogen bonds to amino acid 216 in the 
trypsin/chymotrypsin class of serine proteases. Thus, 

according to this eispect of the present invention, provided 
20 are compounds of formula (II), wherein X, Ri, R2, R4, R5, Rg, 

and R7 are as defined herei nabove in connection with formula 
(I), and 

(a) R12 is selected from the group consisting of 

. (i) allQ^l of 1 to about 12 carbon atoms pptionally 
25 Slabs tituted with amino, amidino, or gucinidino, 

(ii) aralJcyl of 7 to about 15 ceurbon atoms which is 
optionally sxibstituted on a ring carbon wi^ amino, amidino 
or guanidino, 

(iii) aryl of 6 to about 14 carbon atoms which is 

> 

30 optionally sxjbstituted on a ring carbon with amino, amidino. 
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or guanidino, and 

(iv) heteroaralkyl of 5 to about 14 ring atoms 
having about 1 to about 13 ring carbon atoms and the 
remainder of the ring atoms heteroatoms selected from oxygen, 
5 nitrogen and sulfur which is optionally sxibstituted on a ring 
carbon with amino, amidino or guanidino; 
and 

(b) TS is selected from the group consisting of 
(i) -CHO, 
10 (ii) -C(0)CF3, 

(iii) -C{0)CF2CF3, 

(iv) -C (0) "C (0) -NHRi3 , 

(V) -C(0)-C(0)2Ri3. 

U (vi) -C(0)-C(0)-NRi3Ri4, 

15 , (vii ) -B (0Ri3 ) (0Ri4 ) , 

(viii) -C(0)CH2C1, and 

(ix) -C{0)Ri5; 

wherein Rj_3 and B.^^^ are independently selected from hydrogen 
lower alkyl of 1 to about 6 carbon atoms, cycloallQri of 3 to 

20 about 10 C£u:bon atoms, aralkyl of 7 to about 15 carbon atoms, 
and heteroaralkyl of about 5 to about 10 ring atoms having 
about 2 to about 15 carbon atoms which include 1 to about 9 
ring ceirbon atoms and the remainder of the ring atoms 
heteroatoms selected from oxygen, nitrogen and sulfur, and 

25 R^s is selected from axyl of 6 to about 14 ceorbon atoms and 

heteroaryl of 5 to about 14 ring atoms having 1 to about 13 
.ring carbon atoms and the remainder of the ring atoms 
selected from oxygen, nitrogen and sulfur. In the case where 
TS is (vii) , additioneilly -OR23 and -OR14 may be taken 

30 together to be -0[C(Z3) (24)]qp- wherein Z3, Z4 and q are as 

* 

defined in connection with formula (1) . Also included are 
pharmaceutically acceptable salts of the compoxinds of 
formula (II) . 

According to a preferred aspect, inhibitors of elastase 
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will have a small alkyl group, such as methyl, for R^^j^ 

Inhibitors of cl^otrypsin preferably will have an araUq^i 
group, such as benzyl, for R12 according to formula (II) . 

Serine protease inhibitors that have a basic amino acid in 
5' the primary specificity site, such as inhibitors of trypsin, 
thrombin, factor Xa, factor Vila, will have an amino, 
amidino, or guanidino siabstituted alkyl, aryl, or aralkyl 
group for R12. 

According to another aspect, the present invention 
10 includes within its scope salts of the compoxinds of formulas 
I and II. These salts include salts of the compounds of the 
present invention derived from the combination of such 
conpounds auad an organic or inorganic acid. In practice, the 
jjiUse of the salt form may amount to use of the (free) bajse 

15 form. The cornpoxinds of the present invention are usefxil in 

■» 

both free base and salt form, with both forms being 
considered as being within the scope of the present 
invention. These salts include acid addition salts, for 
exairple, salts of hydrochloric acid, hydrobromic acid, 
20 trif luoroacetic acid, acetic acid, benzene sulfonic acid and 
other suitable acid addition salts including maleate, 
furoarate and citrate salts. 

2. Preparati on of Prefprrpd Compounds 
25 Figures 1 and 2 depict synthetic schemes for two 

preferred conpounds according to this invention. Figure 1 
outlines a sequence of reactions for the preparation of a 
preferred species of the present invention. Commercially 
available 6-amino-m-cresol is reacted with phthalic 
30 anhydride, optionally in the presence of an inert solvent 
like acetic acid, toluene, or xylene, at about 100-150®C to 
afford the phthalimide intermediate 1. Reaction of 1 with 
allyl bromide in the presence of a suitable base such as 
anhydrous potassium ceurbonate in an inert solvent such as 
35 N,N-dimetlr/lfonnamide, dioxane, tetrahydrofuran, or 
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acetonitrile at a teinperatiire in the range from about room 
temperatxire to about llO^C provides the allyl ether 
derivative intermediate 2. Thermal Claisen rearrangement of 
2, performed either neat or optionally in a suitable inert 
5 solvent such as N,N-dimethylaniline, at about 1S0-250**C gives 
the allylphenol 3, Reaction of phenol derivative 3 with 
benzyl bromide in an inert solvent such as N, N- 
dimetlr/lformamide, dioxane, tetrahydrofuran, or acetonitrile 
at about room temperature to about llO^C provides the benzyl 

10 ether derivative 4. Cleavage of the phthalimido moiety of 4 
is. achieved selectively utilizing hydrazine in an alcoholic 
solvent such as ethanol at a teirperature from about 20 to 
80^C and affords the auiiline derivative 5* Coupling of 5 with 
^ suitable sulfonyl chloride such as benzylsulfonyl chloride 

15 in an inert solvent such as N-dimethylf ormamide , dioxane, 
'tetrahydrofuran, or acetonitrile at a temperature of about - 
10®C to about 50°C in the presence of a base such as 
pyridine, collidine, triethylamine, N/N- 
diisopropylethylamine, or N-methylmorpholine gives the 

20 benzylsulfonamide derivative 6. Treatment of a solution of 6 
in solvent, preferably methanol, ethanol, etl^ri acetate, 
acetone or methylene chloride, or mixtures of the preceding 
solvents, with a stream of ozone gas at a telt)perat^lre of 
about -80**C to about 0**C, followed by reductive decomposition 

25 of the ozonide in situ with reagents such as dimetlyl 
sulfide, triethyl phosphite, triphervlphiosphine, 
triethylaznine, or zinc metal generates an aldehyde 
intermediate 7« When alcoholic solvents such as methanol are 
utilized, the reaction affords a mixture of the desired 

30 aldeliQ^de along with vaurying amounts of the corresponding 

dimethyl acetal derivative. These mixtures are dissolved in 
a inert solvent such as acetone and hydrolyzed with dilute 
mineral acids such eis 1 N hydrochloric acid at about room 
temperature to about reflux temperature which quantitatively 

35 affords the desired aldehyde 7. Oxidation of aldehyde 

substrate 7 with reagents such as pyridinixmi dichromate in 
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NiN-dimethylformamide or chromic acid in acetone at a 
terr^erature of about 0*'C to 30**C gives the Ccurboxylic acid 
derivative 8. Compound 8 is coupled to N^-nitro-L-cirgininal 
etlvl cyclol using l-hydroxybenzotriazole monohydrate, 1- 

5 ethyl-3 - ( 3 -dime thylaminopropyl ) carbodiimide hydrochloride 
salt, and then N,N-diisopropylainine to give 9. The N^-nitro 
group of 9 is removed by treatment with l^rdrogen gas and 
palladium on Ccurbon in ethanoli water, and acetic acid at 
about 20 to 60 psi. This reaction produces acetate acid salV 

10 10 . The ethyl cyclol group of 10 is hydrolyzed by treatment 
with a suitable acid catalyst such as dilute hydrochloric 
acid, sulfuric acid, methanesulfonic acid, perchloric acid or 
hexaf luorophoshoric acid followed by HPLC purification with 
0.1% trifluoroacetic acid in acetonitrile and water to 

15 produce the product 11. 

The reaction scheme of Figure 2 depicts the preparation 
of another very preferred compound. It differs from the 
synthetic scheme of Figure 1 in that intermediate 3 is first 
reacted with methyl iodide in the presence of a suitable base 

20 such as anhydrous potassium carbonate in an inert solvent 
such as N,N-dimethylf ormamide, dioxane, tetrahydrofuran, or 
acetonitrile at a temperature of about room temperature to 
about 110**C, to provide the methyl ether derivative 12. 
Intermediate 12 is processed through an analogous set of 

25 reactions to those outlined in Figure 1 to produce the target 
argininal derivative 19. 

The preferred means of chemically coupling (as for 
example, intermediate 8 to argininal ethyl cyclol to give 
intermediate 9 as depicted in Figure 1) include formation of 

30 a peptide bond using conventional coupling reagents known in 
the cirt. See Bodanszky, N., Peptide Chemistry, pp. 55-73, 
Springer -Ver lag. New York (1988) and references cited 
therein. The chemical coupling may be either by means of 
one-step or two-step coupling. In one-step coupling, the two 

35 coupling peortners eire coxipled directly. Preferred coupling 
reagents for one-step coupling include DCC with HOBt, EDC 
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with HOBt^ BOP, HBTU or TBTO. In two-step coupling, an 
activated ester or anhydride of the C- terminal carboxy group 
of one coupling partner is formed prior to its covtpling to 
the other coupling partner. 
5 For confounds of the present invention containing 

alkenyl or aryl moieties substituted with halogen, cyano, 
nitro, or -S-2i, it is preferred to avoid the use of hydrogen 

gas with i)alladi\jm on carbon for cleaving the NST-nitro 
protecting group on the eurginine side chain. Instead, it is 
10 preferred to use boron tris (trifluoroacetate) , B(OCOCF3)3, to 

cleave the N9-nitro of the eurginine group. This reagent may 
be prepeured by the reaction of BBr3 and CF3COOH in 

dichloromethane at 0*C. Alternatively, the reagent is also 
commercially available. Generally, the N^-nitro coitipoxmd is 
15 treated with boron tris (trifluoroacetate) in trifluoroacetic 
acid at 0 C. See, e.g., Fieser, M. and Fieser, L. F., 
Reagents for Organic Synthesis, p. 46, John Wiley & Sons, New 
York (1974); and Pless, J., and Bauer, W. Anaew. *ghem. . 

intsmat^ EfiLu, 12, 147 (1973). 

20 Another preferred reagent for selective nitro group 

cleavage is titanium trichloride. 'This reagent is 
commercially available. The -nitro conpoiind is treated 
with titanium trichloride in aqueoxis methanol containing an 
ammonixim acetate buffer followed by exposMre of the reaction 

25 mixture to air or dimethyl sulfoxide. See, e.g., Freidinger, 
R-H, , Hirschmann, R., and Veber, D.F., J. Qt-ct. Chem. . 43, 
4800 (197.8) . 

Another preferred method for synthesizing these 
conpo\inds having an L-curgininal moiety is to use the di-N-t- 

30 butoxycarbonyl protecting group for the L-argininal moiety 
for groups incompatible with hydrogenation with palladixmi on 
cctrbon. For exaitple, alpha-N-benzyloxycarbonyl-omega, 
omega •-di-N-t-butoxyccirbonylarginine is dissolved in 
acetonitrile and treated with hydro^^benzotriazole and 1- 

35 ethyl-3-(3-dimethylamino-propyl)carbodiimide HCl salt to form 
alpha -N-benzylo3cycarbonyl-omega, omega ' -di-N- 1- 
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buto3Qrcarbbnyl-L-arginine lactam. The lactam is reduced by 
treatment with LiAlH4 in THP at -70**C to provide alpha-N- 

benzylo^Vc^^lsonyl-omega , omega ' -di-N- t-butoxycarbonyl-L- 
arginineJL- This aldehyde is protected as the diethyl acetsil 

5 ly treatment with ethanol and HCl. The N-benzylo3Qrcarbonyl 
protecting group is removed by treatment with hydrogen gas 
and palladium on carbon to give omega, omega '-di-N-t- 
)Duto3Qrcarbonyl-L-argininal diethyl acetal, HCl salt. This, 
protected L-argininal moiety can then be coupled to a desited 

10 carbo:cylic acid by treatment with N-hydrosQrbenzotriazole and 
l-ethyl-3-(3-dimethylamino-propyl)carbodiimide HCl salt. The 
diethyl acetal and the di-Boc protecting groups are removed 
by treatment with hexaf luorophosphoric acid in acetonitrile 
at 0®C. The reaction mixture is quenched by addition of 2.5 

15 M aqueous sodium acetate until pH 4 is reached. The mixture 
' is filtered through a 2 micron filter. Prepeurative HPLC 
using 0.1% CF3COOH in 10-40% aqueous acetonitrile provides 

the trifluoroacetate salt of the desired substituted L- 

argininal compoimd. 

20 Figxire 3 depicts a reaction scheme for the preparation 

of intermediate 25 which is used in the synthesis of 
compounds of formula (I) according to reaction schemes 
depicted in Figures 4 and 5. Examples 15 to 19 describe 
preparation of 25 in further detail, 

25 Figtires 4 and 5 depict reaction schemes for the 

preparation of certain conpounds of formula (I) wherein R3 is 

a 3-piperidinyl-{N-guanidino) group. Preparation of con^sound 
28 is described in further detail in Exaicples 20 to 22. 
Corrpound 31 is prepared using the appropriate reagents 
30 according to procedures similar to those described in 

Exan^les 20 to 22. 

Figure 6 depicts a reaction scheme for preparation of 
intermediate 41 which is used in the synthesis of cpmpoxinds 
of formula (I) according to the reaction scheme depicted in 
35 Figure 7. Exaitples 24 to 30 describe the prepeuration of 41 
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in fiirther detail. 

Intermediates used in the preparation of conpoxmds of 
formula (I) having a 4-amidinophenylalaninal group at PI may 
be prepared according to the reaction scheme depicted in 
5 Figure 6 and described in Examples 24 to 30, using the 

appropriate alpha-bromo-para-tolunitrile starting material. 

Figure 7 depicts a reaction scheme for preparation of a 
confound of formula (I) wherein R3 is 3-amidinopheiyl. 

Prepeuration of 44 is more fully described in Exanples 31 
10 to 33. 

Figure 12 depicts a reaction scheme for the preparation 
of intermediate €9 which is used in the synthesis of 
compounds of formula (I) . Intermediate 69 is prepared by 
procedures similar to those described in Exairples 15 to 19 
15 and using the appropriate starting materials. Intermediate 
* 69 may be coupled to intermediates such as 8 and 16 according 
to reaction schemes analogous to those depicted in Figures 4 
and 5. 

Conpounds of formula (II) may be prepared by methods 

20 such as described hereinbelow: 

Figure 8 outlines a synthetic sequence for the 
preparation of a preferred compound of the invention which 
incorporates a Pl-arginine chloromethylketone moiety. 
Coupling of Ccirbo^Qrlic acid derivative 16 with the known 

25 arginine chloromethylketone precursor 45 (Kettner, C, and 
Shaw, E., Biochemistry, 12± 4778 (1978); Kettner, C. and 
Shaw, E. Biochim, Biophys. Acta, 569; 31 (1979)) mder 
standard carbodiimide conditions of EDC, HOBt, and NMM at 
about 0**C to room teitperat\ire or under standard mixed 

30 anl^ydride conditions of isobutyl chloroformate and NMM at 
about -30**C to room temperature affords intermediate 46. 
Suitable solvents for either reaction include THF, 
acetonitrile or DMF. Doxible deprotection of intermediate 46 
with anhydrous hydrogen fluoride optionally in the presence 
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of anisole at a temperature in the range of about -78**C to 

about room teiaperatxire gives the desired product 47. 

Figure 9 outlines a synthetic sequence for the 

preparation of a preferred compound of the invention which 

5 incorporates a Pl-ketoargininamide moiety. Coupling of 

carboxylic acid derivative 16 with the known 

hydroxysurgininamide precursor 48 [see, e.g. commonly assigned 

U.S. Patent Nos, 5,371,072 and 5,597,804) under standard 
carbodiimide conditions of EDC, HOBt, and NMM at about C^C to 

10 room temperature or \inder standard mixed anhydride conditions 
of, isobutyl chloro formate, and NMM at about -30*C to room 

tenperature affords intermediate 49. Suitable solvents for 
either reaction include THF, acetonitrile or EMF. 
Deprotection of intermediate 49 with anhydrous hydrogen 
15 ! fluoride optionally in the presence of anisole at about -78**C 

' to about room temperatture, or by catalytic hydrogenation 
using a suitable catalyst such as Pd/C or Pd(0H)2/C in a 

solvent composed of ethanol, water and/or acetic* acid gives 
the intermediate 50. Finally, oxidation of intermediate 50 
20 under the standard Moffatt conditions with EDC, DMSO and 

dichloroacetic acid in a suitable solvent such as toluene at 
about -lO^C to room tenperature produces the desired product 

51. - 

Figure 10 outlines a synthetic sequence for the 
25 prepeuration of a preferred compoxond of the invention which 
incorporates a Pl-boronic acid moiety. Coupling of 
carboxylic acid derivative 16 with the known protected 
boroeurginine ester precursor 52 (See, e.g., Wityak, J, et. 
al., J. Org, ghem, . 60: 3717 (1995) and references cited 

30 therein) under standaird carbodiimide conditions of EDC, HOBt, 
and KMM at about 0*^C to room tenperature or under standard 

mixed anhydride conditions of isobutyl chlorofonnate, NMM and 
then in situ added Et3N at about -30**C to room temperatiire 

affords intermediate 53. Suitable solvents for either 
35 reaction include THF, acetonitrile, dichlorome thane. 
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chlorof rm, DMF, or mixtures thereof. Reaction of 
intermediate 53 with sodium azide in a suitable inert solvent 
such as DMF, N, N-dimethylacetamide, DMSO or l-methyl-2- 
pyrrolidinone at about room tenperature to about lOO^C affords 
5 the azide 54. Catalytic hydrogenation of intermediate azide 
54 in an alcoholic solvent such as methanol preferably in the 
presence of hydrogen chloride gives the intermediate amine 
salt 55. Reaction of intermediate 55 with formamidine 
sulfonic acid in an alcoholic solvent such as ethanol 

10 preferably in the presence of a tertiary amine, especially 

UMhP, at about room tercperatuxe to 100*C produces intermediate 
5S. Deprotection of intermediate 56 by an exchange reaction 
preferably with phenylboronic acid in a two-phase solvent 
ipystem such as ether and water then gives the desired boronic 

15 acid product 57. 

Figure 11 outlines a synthetic sequence for the 
preparation of a preferred coinpoxmd of the invention which 
incorporates a Pl-Cl to C4 perfluoroalkylargininyl ketone 
moiety. Coupling of carboxylic acid derivative 16 with the 

20 known perfluoro5urgininol precursor 58 (see, e.g., Schacht, 

A.Ii., Shuman, R.T., and Wiley, M.R., UK Patent Application GB 
2287027 A, Sept. 6, 1995 and references cited therein; for 
the application of the Dakin-West protocol to arginine and 
related substrates, see also Ueda, T., Kam, CM., and Powers, 

25 J.C., Biochem. .T. . 265: 539 (1990); Buchanan, G.L., Chenu 
Soc. Rev. . 17! 91 (1988}) ttnder standard carbodiimide 
conditionjs of EDC, HOBt, and NMM at about C'C to room 

t€n5)erature or under standard mixed anhydride conditions of 
isobutyl chlorof ormate , and NMM at about -30'*C to room 

30 ten^erature affords intermediate 59. Suitable solvents for 
either reaction include THF, acetonitrile, dichloromethane, 
chloroform, DMF or mixtures thereof. Removal of the Boc ■ 
protecting group is acconplished by treatment of 59 with an 
acid catalyst such as TFA, or hydrogen chloride in a suitable 

35 insert solvent such as dichloromethane, ethanol or ethyl 

acetate and produces intermediate 60. Reaction of 60 with a 
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siii table optionally protected guanylating reagent such as 
bis-Cbz-S-methyl iso thiourea in an inert solvent such as DMF 
or THF in the presence of a base such as triethylamine 
provides the protected intermediate 61. Swern oxidation of 
61 with a mixtxire of oxalyl chloride, DMSO, triethylamine in 
dichloromethane at about -78®C to room temperature gives the 

ketone intermediate 62. Finally, deprotection of 62 with 
anhydrous hydrogen fluoride optionally in the presence of 
anisole at about -78®C to room teitqperature produces the 

desired perf luoroallQ^largininyl ketone 63. 

Figure 12 depicts a reaction scheme for the preparation 
of intermediate 69 which is used in the synthesis of 
cozr^ounds of formxila (1} . Intermediate 69 may be coupled to 
^ imtermediates such as 8 and 16 according to reaction schemes 
analogous to those depicted in Figures 4 and 5. 

3. Selection of Preferred Compounds 

« 

The conpounds of the present invention are screened for 
their ability to inhibit throznbin, plasmin, tissue pleisminogen 
activator (t-PA) , activated protein C (aPC) , chymotrypsin, and 
trypsin as set forth below. Certcdji of the preferred 
compounds are distinguished by their ability to inhibit 
thrombin, while not substantially inhibiting plasmin, t-PA, 
aPC, chymotrypsin, and trypsin. With respect to thrombin and 
the other enzymes and as used herein, the term "not 
sxibstantially inhibiting" means that the IC50 (or Ki) for 
plasmin, t-PA, aPC, chymotrypsin, and/or trypsin for a given 
compoxind is greater than or equal to its IC50 (or Ki, 
respectively) for thrombin. 

With respect to compounds within the present invention 
that inhibit members within the trypsin/ chymotrypsin family, 
including trypsin, chymotrypsin, elastaise, and serine 
proteases involved in the coagulation cascade, *not 
specifically inhibiting* means the IC50 or for the target 
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enzyme is . less than or equal to the IC50 r for non-tsirget 
enzymes contacted with the inhibitor. 

For screexiing confounds \i5ing these assays, the compounds 

of the present invention are dissolved in buffer to give 

5 solutions containing concentrations such that assay 

concentrations range from 0 to 100 micromolar. In the assays 

for thrombin, plasmin, t-PA, aPC, chymotrypsin, and trypsin, a 

chromogenic synthetic substrate is added to a solution 

containing test compound and the enzyme of interest and the 

10 residual catalytic activity of that enzyme is determined 

spectrophometrically. The IC50 of a coit5)ound of the present 

invention is determined from the rate of sxibstrate tximover 
caused by the specific enzyme being measured. ^^SO 

concentration of test compound which gives 50% inhibition of 
15. the rate of substrate turnover* Likewise, the Ki of a 

compoiind of the present invention is determined from the rate 
of substrate turnover caused by the specific enzyme being 
measured at various enzyme concentrations. Examples A, B and C 
provide an exenplars of j-n vitro assays used to select the 

20 compounds of the present invention. 

Certain of the preferred conpounds of the present 
invention have a Ki of about 0.001 to about 200 nM in the 
thrombin assay. Especially preferred coitpounds have a Ki of 

about 0.001 to about 50 nM, The more especially preferred 
25 conpounds have a Ki of about 0.001 to about 10 nM. 

Certain of the preferred compoxinds of the present 
invention have a IC50 for plasmin, t-PA, aPC, chymotrypsin, 
and trypsin which is at least 10 times greater than its IC50 
for thrombin. Especially preferred compounds have an IC50 

30 for plasmin, t-PA, aPC, chymotrypsin, and trypsin which is 
about 20 to about 100,000 times greater than its IC50 for 
thrombin. More especially preferred coznpounds have an IC50 

for plasmin, t-PA, aPC, chymotrypsin, and trypsin which is 
about 100 to about 1,000,000 times greater than its IC50 for 

35 thrombin. In the event that a con5)Ound of the present 
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invention, has an IC50 with respect to pla^min, t-PA, aPC, 
chymo trypsin, or trypsin which is greater than the highest 
concentration of conpound tested, the highest concentration 
of cotnpoxind tested is considered to be the reported IC50. 

5 

4* Pharmaceutical Con tpositions 

In another aspect, the present invention encompcisses 
pharmaceutical compositions prepared for storage or .* 
administration which comprise a therapeutically effective * 

10 amo\int of a confound of tlie present invention in a 
pharmaceutically acceptable carrier. 

The "therapeutically effective amo\int" of a con^oxind of 
the present invention will depend on the route of 
administration, the type of mammal being treated, and the 

15 physical characteristics of the specific mammal under 
consideration. These factors and their relationship to 
determining this amount are well known to skilled 
practitioners in the medical arts. This amount tod the method 
of administration can be tailored to achieve optimal efficacy 

20 but will depend on such factors as weight, diet, concurrent 

medication and other factors which, as noted, those skilled in 
the medical arts will recognize. 

The "therapeutically effective amount" of the compound of 
the present invention can range broadly depending upon the 

25 desired affects and the therapeutic indication. Typically, 
dosages will be between about 0.01 mg/kg and 100 mg/kg body- 
weight, preferably between about 0.01 and 10 mg/kg, boc^ 
weight. 

"Pharmaceutically acceptable carriers" for therapeutic 
30 use are well known in the pharmaceutical art, and are 
described, for exantple, in Remington's Pharmeceutical 
Sciences . Mack Publishing Co. (A.R. Gennaro edit. 1985). For 
example, sterile saline and phosphate-buffered saline at 
physiological pH may be used. Preservatives, stabilizers, 
35 dyes and even flavoring agents may be provided in the 

pharmaceutical coxnposition. For example,^ sodium benzoate. 
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sorbic acid and esters of p-hydroxybenzoic acid may be added 
as preservatives. Id^ at 1449. in addition, antioxidants and 
suspending agents may be used. Id. 

The pharmaceutical compositions of the present invention 
may be formulated and used as tablets, capsules or elixirs for 
oral administration; suppositories for rectal administration; 
sterile solutions and suspensions for injectable 
administration; and the like. Ohe dose and method of 
administration can be tailored to achieve optimal efficacy but 
will depend on such factors as weight, diet, concxirrent 
medication and other factors which those skilled in the 
medical arts will recognize. 

When administration is to be paurentered, such as 
intravenous on a daily basis, injectable pharmaceutcial 
compositions can be prepared in conventional forms, either as 
liquid solutions or suspensions, solid forms suitable for 
solution or suspension in liquid prior to injection, or as 
emulsions. Suitable excipients are, for exanple; water, 
saline, dextrose, mannitol, lactose, lecithin, albumin, sodium 
glutamate, cysteine hydrochloride, or the like. In addition, 
if desired, the injectable pharmaceutical compositions may 
contain minor amounts of nontoxic aiixilliary sxibstances, such 
as wetting agents, pH buffering agents, and the like. If 
desired, absorption enhancing preparations (e.g., liposomes) 
may be utilized. 

5. xitiiutz. 

Certain compounds of the present invention when made and 
selected as disclosed are useful as potent inhibitors of 
thrombin in vitro and in vivo. As such, these compounds are 
useful as in vitro diagnostic reagents to prevent the clotting 
of blood and as in vxvo pharmaceutical agents to prevent * 
thrombosis in mammals suspected of having a condition 
characterized by abnormal throinbosis. 

The compounds of the present invention are useful as in 
vitro diagnostic reagents for inhibiting clotting in blood 
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drawing tiibes. The use of stoppered test tiibes having a 
vaccvun therein as a means to draw blood btained by 
venipiinct\ire into the t\abe is well known in the m dical arts. 
See, e.g., Kasten, B.L., "Specimen Collection", Laboratory 
5 Test Handbook . 2nd Edition, Lexi-CoDnp Inc., Cleveland pp. 16- 
17 (Edits. Jacobs, D.S. et al. 1990). Such vacuum tubes may 
be free of clot-inhibiting additives, in which case, they sire 
useful for the isolation of mammalian serum from the blood. 
They may alternatively contain clot- inhibiting additives (such 

10 as hepeirin salts, EDTA salts, citrate salts or oxalate salts), 
in which case, they cure useful for the isolation of mammalian 
plasma from the blood. The coxnpounds of the present invention 
are potent inhibitors of blood clotting enzymes, such as 
- factor Xa or thrombin, and as such, can be incorporated into 

15 V blood collection tubes to prevent clotting of the mammalian 
' blood drawn into them. 

The conpoimds of the present invention are used alone, in 
combination of other compounds of the present invention, or in 
combination with other known inhibitors of clotting, in the 

20 blood collection tuQses. The amount tp be added to such tubes 
is that amount sufficient to inhibit the formation of a clot 
when mammalian blood is drawn into the tube. The addition of 
the compounds to such tubes may be accomplished by methods 
well known in the eurt, such as by introduction of a liquid 

« 

25 conposition thereof, as a solid coirposition thereof, or liquid 
composition which is lyophilized to a solid. The compounds of 
the present invention eure added to blood collection tubes in 
such amoxints that, when combined with 2 to 10 roL of mamraalicin 
blood, the concentration of such compounds will be sufficient 

30 to inhibit clot formation. Typically, the required 

concentration will be about 1 to 10,000 nM, with 10 to 1000 nM 
being preferred. 

Certain of the compoxinds of the present invention are 
useful as a pharmaceutical agent for preventing thrombosis in 

35 a mammal sxispected of having a condition characterized by 
abnormal * thrombosis . 
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Conditions characterized fay abnorzaal thrombosis £ure well 
known in the medical arts and include those involving the 
arterial and venous vasculature of mammals. With respect to 
the coronEiry aurterial vzisculature, abnormal thrombosis 
5 (thrombus formation) characterizes the rupture of an 

established atherosclerotic plaque which is the major cause of 
acute xnyocardial infarction and unstable angina, as well as 
also characterizing the occlusive coronary thrombus formation 
resulting from either thrombolytic therapy or percutaneous 

10 transluminal coronary angioplasty (PTCA) . With respect to the 
venous vasculat\ire, abnormal thrombosis characterizes the 
condition observed in patients undergoing major surgery in the 
lower extremities or the abdomi nal area who often suffer from 
^ thrombus formation in the venous vatsculatxire resulting in 

IS reduced blood flow to the affected extremity and a 

* predisposition to pulmoneury embolism. Abnormal thrombosis 
further characterizes disseminated intravascular coagulopathy 
which commonly occurs within both vascxilar systems dxiring 
septic shock, certctin viral infections and cancer, a condition 

20 wherein there is rapid consumption of coagulation factors and 
systemic coagulation which results in the formation of life- 
threatening thrombi occurring throughout the microvasculatuire 
leading to widespread organ failure. 

The present invention includes methods for preventing a 

25 condition in a mammal suspected of having a condition 

chsuracterized by abnormal thrombosis, comprising administering 
to said mammal a therapeutically effective amoxint of a 
compomd or a pharmaceutical composition of the present 
invention. 

30 The compounds or pharmaceutical compositions of the 

present invention are administered in vivo - ordinsirily in a 
mammal, prefereibly in a human. In employing them ia vivo , the 
compounds or pharmaceutical conpositions can be administered 
to a mammal in a variety of ways, including orally, 

35 parenterally, intravenously, siibcutaneously, intramusculeurly, 
colonically, rectally, nasally or intraperitoneally, enploying 
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a variety, f dosage forms. Administration is preferably 
parenteral, such as intravenous on a daily basis. 
Alternatively, administration is preferably oral, such as by 
tablets, capsules or elixers taken on a daily basis. 
5 In practicing the methods of the present invention, the 

confounds or pharmaceutical compositions of the present 
invention sure administered alone or In conibination with one 
another, or in combination with other therapeutic or in vi^vo 

■ 

diagnostic agents. 

10 As is apparent to one skilled in the medical art, a 

therapeutically effective amount of the conpotinds or 
pharmaceutical compositions of the present invention will vary 
depending upon the age, weight cuid mammalian species treated, 
^ the particular confounds enployed, the particular mode of 

15 administration and the desired affects and the therapeutic 
indication. Because these factors and their relationship to 
determining this amount are well known in the medical axts, 
the determination of therapeutically effective dosage levels, 
the amount necessary to achieve the desired result of 

20 preventing thrombosis, will be within the ambit of one skilled 
in these sorts. Typically, administration of the compounds or 
pharmaceutical conposition of the present invention is 
commenced at lower dosage levels, with dosage levels being 
increased until the desired effect of preventing in vivo 

« 

25 thrombosis is achieved which would define a therapeutically 
effective amoimt. For the compounds of the present invention, 
alone or.eis paxt of a pharmaceutical composition, such doses 
are between about 0.01 mg/kg and 100 mg/kg body weight, 
preferably between about 0.01 and 10 mg/kg, body weight. 

30 Certadja compotmds of the present invention have utility 

as inhibitors of proteases within the trypsin/chymotrypsin 
class of enzymes. Meihbers of that class include, but are not 
limited to, elastase, chymo trypsin, and the serine proteases 
trypsin, thrombin, factor Xa, and factor Vila. With respect 

35 to the inhibitors within the present invention directed at 
serine proteases acting within the coagulation cciscade, e.g. 
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inhibitors of thrombin, factor Xa and factor Vila, such have 
in vitro and in vivo utilities as provided hereinabove for 
thronibin inhibitors. 

ft 

Elastase has been iirplicated in a variety of conditions, 
including pulmonary hypertension (Rabinovitch, M. , Acta 
Paediatr. Jpn 37:657-666 (1995)), idiopathic pulmonary 
fibrosis, rheumatoid arthritis, adult respiratory distress 
syndrome, cystic fibrosis, and other inflammatory diseases and 
conditions (Doring, G., Am. J. Respir. Crit. Ceare Med. 
150:SH4-S117 (1994)) . Inhibition of elastase was shown to 
prevent or retard progression of pulmonary hypertension 
(Rabinovitch) . Thus, inhibitors of the present invention 
directed toward elastase are useful as pharmaceutical 
compositions for the inhibition of elastase in conditions 
"where elastase activity is associated with a pathological 
condition. 

Elevated levels of chymotrypsin and trypsin are 
associated with the pathological effects resulting from 
pancreatitis (see US 5,534,498), Animal studies of chemically- 
induced pancreatitis suggest that the disorder is rooted in 
the inability of pancreatic acinar cells to excrete digestive 
proenzymes, resulting in activation of trypsinogen to trypsin 
by lysosomal hydrolases within the cell. The amount of 
trypsin produced exceeds protective levels of protease 
inhibitor normally available. 

The elevated levels of trypsin then cause activation of 
the other digestive enzymes co-localized with trypsin in the 
lysosome, such as chymotrypsin. The net effect of the enzyme 
activation is pancreatitis, which is characterized by damage 
to the pancreas and surrounding tissues from autodigestion of 
the cells by the various digestive enzymes. These activated 
digestive enzymes also cause edema, interstitial hemorrhage, 
vascular damage, coagulation necrosis, fat necrosis and 
parenchymal cell necrosis. 

Inhibitors of the present invention directed toward 
either trypsin or chymotrypsin, or^ther members of the 
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trypsin/chymotrypsin family that contribute to the deleterious 
effects of pancreatitis, are useful for th prevention and 
treatment of pancreatitis in mammals. 

In addition to the in vivo utilities, inhibitors of the 
5 present invention also find utility in vitro. Inhibitors of 
enzymes within the coagulation cascade cire useful inhibitors 
of blood coagulation in vitro, as described hereinabove. 
Inhibitors of other enzymes within the trypsin/chymotrypsin 
family, including trypsin, chymotrypsin, and elastase, are' 
10 useful reagents in in vitro assays designed to measure the 
activity of such enzymes. 

For instance, to determine or confirm the presence of 
active trypsin, chymotrypsin, or elaistase in a sample, , the 
activity of the enzyme in the sample is determined in the 

ft" 

15 presence and absence of the specific inhibitor (which may be 
labeled using a radioactive or other detectable label) . Lower 
activity measiired in the presence of inhibitor as coitpeured to 
in the absence of inhibitor demonstrates inhibition of the 
enzyme and, thus, its presence in the saziple. 

20 Similarly, the level of activity of an enzyme present in 

a sample is determined by adding inhibitor to the sanple in a 
range of titrating doses, and calculating activity of the 
enzyme at each esc£j.ating dose of inhibitor. The 
concentration of inhibitor that COTipletely inhibits the enzyme 

25 in the assay, along with knowledge of the assay parameters and 
characteristic of enzyme inhibition, allows one to calculate 
the activity of the enzyme in the sample. 

The level of chymotrypsin measured in stool sanrples in 
vitro is used as an indicator of pancreatitis (Riedel, L. et 

30 al. Gut 32:321-324 (1991); Chari, S., Trop. Gastroenterol. 
11:144-147 (1990)). Chymotrypsin inhibitors of the present 
invention are useful in such assays to evaluate the level of 
active chymotrypsin in such a sample, according to protocols 
such as those outlined hereinabove. 

35 An additional use of the inhibitors of the present 

invention is their use to quench enzymatic reactions effected 
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by the target enzyme. Thus, to control or prevent digestion 
of a sainple with trypsin or chymo trypsin, an inhibitor of 
trypsin or chymoptrypsin, respectively, is added in inhibit 
the target enzxime and, thtis, control or prevent digestion by 
5 that enzyme. 

Certain con^oimds of the present invention can also be 
useful inhibitors of elastase, and are therefore useful 
pharmaceutical agents for the control of inflammation. 

To assist in understanding, the present invention will 
10 now be be fxirther illustrated by the following exanples. 

These exaztples as they relate to this invention shoxild not, 
of coxirse, be construed as specifically limiting the 
invention and such veuriations of the invention, now known or 
later developed, which would be within the purview of one 
15^^ skilled in the art are considered to fall within the scope of 
the invention as described herein and hereinafter claimed. 

Examples 1 to 11 describe preparation of corr^oxind 11 of 
Fig\ire 1. 

Examples 12 to 14 describe prepeuration of compound 19 of 
20 Figu^re 2. 

Examples 15 to 19 describe preparation of intermediate 
25 of Figure 3. 

Exan^les 20 to 22 describe preparation of compoimd 28 of 
Figxire 4, 

25 Exan^les 24 to 30 describe prepeuration of compound 41 of 

Figure 6. 

Exantples 31 to 33 describe preparation of compound 44 of. 
Figure 7. 
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EXAMPLES 
EXSWPlg 1 

PTPpaT-ation of N- f 2-Hvdroxv-4-methvlDhenvl)phthalimide fl) 
A solution of phthalic anhydride (14.81 g, 0.10 mole) 
5 and 6-ainino-in-cresol (12.32 g, 0.10 mole) in*200 mL of acetic 
acid was stirred at ambient temperature for 30 minutes and 
then refluxed for 6 hoxurs. The solution was cooled and 
poured into 500 mL ice-water with rapid stirring and the 
resultant solid was collected by suction filtration, washed 
10 with ice-cold water several times and air dried overnight to 
afford 24.1 g (95% yield) of product 1 as a light brown 
solid, mp 251-254*'C. TLC (silica ; EtOAc) , Rf = 0.68. 

Preparation of N- f 2-AllvlQW-A-mQthvlphenvl)phthalimide f 2 > 

To a mixture of 1 (23.78 g, 0.0939 mole; see Exanple 1) 
and anhydrous K2CO3 (15.62 g, 0.113 mole) in 190 mL of 

anhydrous acetonitrile was added allyl bromide (17.04 g, 
0.141 mole, 12.2 xnL) . The mixture was stirred under N2 at 

room temperature for 15 minutes and then ref Ixixed for 5 
hours. The mixture was cooled, the solids were filtered and 
then washed with fresh acetonitrile /ethyl acetate, and the 
filtrate was evaporated. The residue was dissolved in 500 mL 
of ethyl acetate, extracted with 50 mL portions of saturated 
NaHC03 solution (2x) , water, brine and dried over anhydro\is 
MgS04. Filtration and removal of solvent afforded 26.76 g 

(97% yield) of product 2 as a light brown solid, xap 122-124", 
judged pure by TLC (silica; CH2CI2) . Rf = 0.45. 

30 Example 3- 

Preparation of r2-Hvdroxv-3-allvl-4-methvlPhenvl) 

phthftlimidg (?) 

A solution of 2 (2.93 g, 0.010 mole; see Exaitple 2) in 6 
mL of N,N-dimethylaniline under N2 was heated in an oil bath 

35 to ISS^'C (pot temperature) for 1,5 hours and then cooled. The 
reaction mixture was poured onto a flash silica gel column 
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and eluted directly with a hexane, CH2Cl2:2,l to CH2CI2 
gradient solvent system to afford 2.79 g (95% yield) of 
product 3 as a colorless solid, 178-180'*C. TLC (silica; 
CH2CI2), Rf = 0:25. Scale-up to 23.7 g and a reaction time 'of 
2.5 hours afforded the product in 91% yield, identical in all 
respects with the above -material . 

Example 4 

Preparation of k- f-?-BenzvlQw -3-allvl^4> 
methvlphenvl^phi-hAl^ ynide (4) 

To a mixture of 3 (6.60 g, 0.0225 mole; see Exairple 3) 
and anlydrous K2CO3 (3.73 g, 0.027 mole) in 45 mL of 

anhydrous acetonitrile was added benzyl bromide (5.00 g, 
0.0293 mole, 3.49 mL) . The mixtxire was stirred under N2 at 
room tenperature for 15 minutes and then ref Ixixed for 19 
hours. The mixture was cooled and filtered; the collected 
solids were washed with fresh acetonitrile and the filtrate 
was evaporated. The residue was dissolved in 300 mL of ethyl 
acetate and extracted with 50 mL portions of sattirated 
NaHC03(2x), water, brine and dried over anhydrous MgS04. 
Filtration, solvent removed and recrystallization from 1- 
chlorobutane afforded product as a solid. The filtrate 
residue was flash chromatographed on silica gel, eluting with 
a hexane, CH2Cl2:2,l to CH2CI2 gradient to afford a total of 

6.99 g (81% yield) 4 as a colorless solid, tap 107-109**C. TLC 
(silica; CH2CI2, Hexane: 2.1), Rf= 0.30. 
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Prenaration of 2-Benzvloxv-3-allvl-4-met:hvlanil inf> (^) 

To a solution of A (7.67 g, 0.020 mole; see Example 4) 
in 100 inL of ethanol was added hydrazine monohydrate (1.22 g, 
5 0.024 mole, 1.18 mL) . The reaction was stirred at. room 

teicperatture under N2 for 15 minutes, reflxaxed for 27 hoxirs, 

cooled and filtered, and then the filtrate was evaporated. 
The residue wzts purified by flash chromatography on silica 
gel, \ising a hexane, ethyl acetate: 9,1 to 4,1 gradient azld 
10 afforded 5.03 g (99% yield) of product 5 as a viscous light 
red-brown oil, TLC (silica; hexane, ethyl acetate: 2,1), Rf 
= 0,45. 

E?^airole $ 

15^ Preparation of W-Benzvlsulf onanilide, 2-ben 2vlow-3-allvl-4- 
1 methvl- (€) 

To a solution of 5 (7,54 g, 0.0298 mole; see Example 5) 
and 4-methylmorpholine (9.04 g, 0.0894 mole, 9,83 mL) in 300 
mL of anhydrous acetonitrile at 0*^0 xinder N2 was added a- 

20 toluene-sulfonyl chloride (11.36 g, 0.0596 mole) in one 
portion. The solution was stirred at 0*^0 for 1 hour guid 
allowed to warm to suxd stir at ambient teit^jeratxire for 19 
hoxirs. The solution was filtered and evaporated. The crude 
residue was ptirified by f la^h chromatograpl^ on silica gel 

25 using a hexane, CH2CI2: 4,1 to CH2CI2 gradient system and 

afforded 12.05 g (99% yield) of product 6 as waxy reddish 
solid, mp 62-63''C. TLC (silica; CH2CI2) , Rf = 0.45, 

Exeumle 7 

30 Preparation of ^-Benzvloxv-S^m-benzvlsulfonvl amino) -6- 
methvlphenvlaretaldQhvde (7) 

A stream of ozone gas was introduced into a solution of 
6 (10.71 g, 0.0263 mole; see Exazrple 6} dissolved in 260 mL 
of methanol at -78*C imtil a pale blue color persisted. After 
35 3 lainutes, a stream of dry N2 W£ls biibbled through the 

solution to discharge excess ozone. Dimethyl sulfide (3.27 
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g, 0.0526 mole, 3,86 xnL) was added, the solution was stirred 
at -78**C for 5 minutes, and was allowed to warm to and then 
stir at ambient temperature for 14 hours. The solvent wsis 
evaporated to afford a residue which was dissolved in 350 mL 
5 of diethyl ether, extracted with 50 mL portions of water 
{2x) , brine, dried over anhydrous MgS04, filtered and 

evaporated to afford 11.73 g of a viscous oil. This oil was 
dissolved in 245 mL acetone and 75 mL of IN HCl was added. 
The solution was stirred at room temperature for 14 hours') 

10 refluxed for 30 minutes, cooled and evaporated. The residue 
was dissolved in 600 mL of diethyl ether and extracted with 
50 mL portions of sat\irated NaHC03, water (2x) , brine, and 
dried over MgS04. Filtration and solvent removal afforded 
9,71 g (98% yield) of product 7 as a viscous yellow oil, TLC 

15^ (silica; hexane, ethyl acetate: 2,1), Rf = 0.25, 

Example 8 

Preparation of 2-Ben2vloxv-3- m-benzvlsulf onvlamino^-g- 
rnQthvlnhenvlaqetic acid (8) 

20 To a solution of 7 (9.70 g, 0.0237 mole; see Exairple 7) 

in 250 mL of acetone at 0*^0 was added Jones' reagent rapidly 
dropwise over a 30 minute period until a brown color 
persisted. The ice bath was removed and the mixture was 
allowed warm to room temperature. 2-Propanol (15 mL) was 

25 added and the mixtxire was stirred for 10 minutes. The 

mixture was diluted with 500 mL of ethyl acetate and filtered 
with suction through a pad cozrrposed of a homogeneous 1:1 
mixtxire of celite and flash-grade silica gel. Elution with 
an additional 1 liter portion of acetone, ethyl acetate 1,1, 

30 followed by solvent removal afforded 10.30 g (-Quantitative 
crude yield) of product 8 as a sticky yellow foam, judged 
nearly pure by TLC (silica; CH2CI2, EtOH: 9,1), Rf=r0.53.- A 

portion recrystallized from diettyl ether and hexane afforded 
a colorless solid, mp 132-134**C. 



35 
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Example 9. 

PT-AT^aration of N- r2- -Rpnzvloxv-3- fN-benzvlsulf onvlaitiino) -6- 
iT>«nhhvlphenvlag^t:vn -Ng-nifcrQ-'L-araininal Ethvl Cvclol (9) 

To a solution of 8 (9.16 g, 0.02153 mole; see Exanple 8) 

5 in 215 inL of anhydrous acetonitrile at room teit^erature under 
N2 was added N^-nitro-L-argininal ethyl cyclol (6,92 g, 
0.0258 mole), l-hydro3cybenzotria2ole hydrate (3.30 g, 0.0215 
mole) and l-ethyl-3- (3-dimetlylaminopropyl) carbodiimide 
hydrochloride (6.19 g, 0.0323 mole). After stirring the 

10 mixture fpr 15 minutes, N,N-diisopropylethylamine (11.13 g, 
0.0861 mole, 15.0 mL) was added and the resultant clear light 
brown solution was stirred at room ten^erature for 22 hours. 
The solvent was evaporated, the residue was slowly dissolved 
E in 700 mL of ethyl acetate and was extracted with 50 mL 

15 . portions of IN HCl (3x) , saturated NaHCOs (2x) , water (2x) , 
brine (2x), dried over MgS04. filtered and evaporated. The 
crude product was purified by flash chromatography on silica 
gel using a CH2CI2, EtOH: 99,1 to 95,5 gradient system to 
afford 9.49 g (69% yield) of product 9 as a light yellow 

20 foam. TLC (silica; ethyl acetate), Rf = 0.50. 

Sxaiiple IQ 

Preparation nf N- r2 - w^/dro:>cv-3- (N-benzvlsulfonvlaminC) "6- 
mQthvlphenvlaget!vn -li -araininal Ethvl Cvclol Ac^t^tQ Salt 

25 iXO) 

To a solution of 9 (9.27 g, 0.0145 mole; see Example 9) 
in 370 ni of ethanol, acetic acid, water: 4,1,1 was added 10% 
Pd/C (9.3 g) . The mixtxire was hydrogenated at 60 PSI on a 
Parr shaker app€iratus for 20 hours. The mixture was filtered 
30 and the solvents were evaporated. The residue was dissolved 
in ethanol, acetonitile 1,1, reevaporated, and pumped at.< 
1 mm Hg on a vacuum pump for 24 hours to afford 7.23 g (89% 
yield) of product 10 as a yellow foam. TLC (silica; CH2CI2, 
methanol, cone NH4OH: 20, 10,; 2) , Rf = 0.50. 
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Example 11 

Pr ertara t i on of N- f 2 -Hydroxy- 3 - f N-benzvl sul f on v1 a mino ^ - 6 - 
methylphenvlagg^l-vn-L-arginiTial Trif luoroagetate 5alt^ ri;L) 

Coittpotind 10 (1.01 g, 1.78 mmole; see Example 10} was 
5 added to a solution of 35 mL of 9.4 M HCIO4 at 0*C. The 

starting material slowly dissolved over 30 minutes and the 
reaction mixture was then frozen by izDmersion in a dry-ice 
acetone slurry. After warming to -IS^C, the reaction mixture 
was adjusted to pH 5 by \ising a 10 M NaOH solution followeci 

10 by a saturated NaOAc solution. During the neutralization 
process, the ten^erature was maintained at <10**C. The 
solution was stored at 4''C for one hour, then the solids were 
filtered. The filtrate was purified by reverse phcise HPLC on 
a 50 X 300 mm C18 col\unn using a 0 to 28% gradient of 

15. acetonitrile/water (containing 0,1% trifluoroacetic acid) 

over one hour to afford 0.66 g (63% yield) of product 11 as a 
colorless, amorphous solid. RP/HPLC analysis showed three 
peaks for the product. Mass spectrometry confirmed the 
theoretical moleculcir weight of 475. 

20 

Ea^ample 12 

Preparation of N- (2-Methoxv^3- allyl^4- 
methylphenvl >phthalimi de (12> 

To a mixture of 3 (6.00 g, 0.0205 mole; see Exan^le 3) 
25 and anhydrous K2CO3 (3.39 g, 0.025 mole) in 41 mL of 

anhydrous acetonitrile was added iodomethane (5.81 g, 0.0409 
mole, 2.54 mL) . The mixture was stirred under N2 at room 

temperatrure for 15 minutes and then refluxed for 17 hoxirs. 
The mixttire was cooled and filtered, the collected solids 
30 were washed with fresh acetonitrile and the filtrate was 
evaporated to afford 5.08 g (81% yield) of pure 12 as a 
colorless* solid. TLC (silica; Hexane, ethyl acetate:l, 1) , Rf 
= 0.50. 
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TY^P^T-af^ on of r^-MetihQxv>3- (N-benzvlsulf onvlamino) -6- 
- ^o^>n^/^n>.envl;.rf>t:v^^-L-araiTlinal Ethvl CvclQl Acetate Sftlt 

5 Compound 18 was prepared from compound 12 by following 

an analogous six-step protocol outlined above for the 
preparation of confound 10 from coir5>o\ind 4 (hydrazinolysis, 
benzylsulfonation, ozonolysis, oxidation, coupling and 
i^drogenation; see Examples 5 to 10) . 

10 

fvamnle 14 

PT-f>nayation of M- f 2-Met> iQw-3- fN-benzvlsulf onvlaminp) -6- 
JT^ ot1h Y^P>n^nvlagetrvn -T.-arqininf^1 Triflwroflcetate S^lK 
U Compound 18 (1.00 g, 1.73 mmole) was added to a solution 

15 . of 72 mL of 3N HCl and 5 mL of acetonitrile • The mixture was 
stirred at room temperatxire for 2 hours, 10.0 mL of 6N HCl 
was added, and reaction was continued for a further 3.5 
hours . The solution was filtered and purified l5y reverse 
phase HPLC on a 50 X 300 mm CIS column using a 5 to 30% 

20 gradient of acetonitrile/ water (containing 0,1% 

trifluoroacetic acid) over one hour and afforded 0.77 g (74% 
yield) of product 19 as a colorless, amorphous solid. RP/HPLC 
analysis showed three peaks for the product. Mass 
spectrometry confirmed the theoretical molecular weight of 

25 489. 



Prenaration of w- ( t---butoxvenrbonvl) -3 



- n-pvridvl WI.-alanine 



30 



A 



To a solution of N- ( t-butoxycarbonyl) -3- (3- 
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pyridyl) alanine (20) (5.0 g, 18.8 inmole) in methanol (100 xdL) 
was added thionyl chloride (2M solution in dichlorome thane, 
66 znL, 132 imnole) . The resulting solution was stirred 
overnight at axcibient temperature. The methanol was removed 
S under reduced pressure to a minimum volume and ethyl acetate 
(100 mL} was added. The resulting white precipitate was 
collected in a fritted f\innel. To a solution of the collected 
precipitate in a mixture of tetrahydrof\ireui/water (40 iriL 
each) was added di-tert-butyl dicarbonate (4.8 g, 21. S9 
10 mmole) and sodiim carbonate (1.95 g, 18.4 mmole) • After 
stirring for 12 hours at azhbient t^perature, the reaction 
mixture was diluted with ethyl acetate (40 mL] and washed 
with a solution of satxirated sodixmi bicarbonate (25 mL) . The 
]^* organic layer was dried over anhydrous sodium sulfate and 

15 concentrated under vacuum to give crude product. This 

■t 

product was siibjected to flash column chromatography on 

silica gel (230-400 mesh) using a 8x52 cm coliimn and eluting 

with a 10:90 mixture of ethyl acetate /hexane followed by a 

60:40 mixture of ethyl acetate/hexane. 4 g (74%) of the 

20 title compoxmd was obtained as an oil. Thin- layer 

chromatography (silica gel; ethyl acetate), Rf = 0.68. 



Example 16 

Preparation of N- ( t-butoxvearbonvl) -3- ( TR, ST -3-pit>eridvll -I.- 
25 alanine methvl ester, acetate salt (2 2) 



NH • CH3CO2H 



A solution of the compound of Exanple 15 (5 g, 17.8' 
30 mmole) in ethanol (24 mL) , acetic acid (6 mL) and water (6 
mL) was hydrogenated over platinum oxide (500 mg) at 45 psi 
for three hoiirs. The catalyst was filtered off and the 



wo 99/26920 



71 



PCTAJS98/25167 



filtrate concentrated tinder vacuum to an oily residue (6.89 
g) which was used in the next step (Exan5)le 17) without 
further p\irif ication . Thin- layer chromatograply yielded two 
spots corresponding to two diastereomers with Rf values of 
0.16 and 0.26. respectively (silica gel; 4:1:1 n-butanol/ 
acetic acid/water) . 



gT^amole 17 

^aratinn of N- ( t - Hn ^nwearhonv^ ) -3 - F (R , S ) -? -piperi<3Yl - f 1^- 
mianidip n rbis-beng 



^ CO2CH3 T • 

o 




15 To a solution of the conpoxmd of Example 16 (6.89 g, 

19.9 mmole) in tetrahydrofuran (80 mL) was added S- 
methylisothiourea bis-benzyloxycarbonyl (7.13 g, 19.9 mmole) 
followed by N-methylmorpholine (4 .37 inL) , and the reaction 
mixttire was stirred at ambient temperature for 18 hours. The 

20 reaction mixture then was concentrated under vacuum and the 
resulting residue was dissolved in ethyl acetate (100 mL) and 
washed with IN sodium bisulfate and saturated sodium chloride 
(50 mL eadi). After drying over anhydrous sodium s\ilfate, 
the solvents were removed under vacuum; the crude title 

25 con^jound vias subjected to flash column chromatography on 

silica gel (230-400 mesh) using a 8x52 cm column and eluting 
with 1:9 ethyl acetate/hexanes (two column volumes) followed 
lay 1:1 etlyl acetate/hexanes. 2.75 g the title compottnd was 
obtained as a mixture of two diastereomers. Thin-layer 

30 chromatography gave two spots with Rf values of 0.57 and 
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0.62, respectively (silica gel; 1:1 ethyl acetate/ hexanes) . 

Example 18, 

Preparation of N- f t-butoxvcarbonvl^ -3-> r fR. c;> -3--pjT^^ri'i ;^ Yl- fN - 
5 ouanidino fbis^benzyloxv-carbonvl) > 1 -L-alani nol f2 A) 




t To a stirred solution of the conrpound of Example 17 

10. (2.23 g, 3.7 xnmole) in absolute ethanol (8 mL) and anhydrous 
tetrahydrofuran (4 mL) was added calciim chloride (844 tog, 
7.6 inmole) and sodium borohydride (575 mg, 15.2 mmole) . 
After stirring 12 hours at ambient temperature, the reaction 
mixture was concentrated under vacuum and the resulting 

15 residue was psirtitioned between ethyl acetate and IN sodium 
bisulfate (10 mL each) . The two layers were sepcurated; 
organic layer Wcis washed twice more with IN sodium bisulfate, 
dried over anhydrous sodixm sulfate and concentrated xrnder 
vacuum gave a residue. Flash column chromatography of the 

20 residue on silica gel (230-400 mesh) using a 5.5x45 cm column 
and eluting with ethyl acetate gave 1.3 g of the title 
conipound* as a white foam. Thin layer chromatography yielded 
two spots corresponding to two diastereomers with Rf values 
of 0.18 and 0.27, respectively (silica gel; 1:1 ethyl 

25 acetate/ hexanes) . 
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Preparati on of 3- f f R . -l-^niperidvl- fN-ouanidino fbis- 
benzvloxvrcarbonYi m-t.-alaninQl. hydrochloride salt (2S) 




The conpound of Example 18 (290 mg, 0.57 mmole) was 
" treated with 2.5 N aiahydroiis hydrochloric acid in ethyl 
acetate (2.0 mL) at ambient teinperatiare for one ho\ir. The 
10 solvent was removed xinder vacuum to a sticlqr-white solid (260 
mg) • This solid was used in the next step (Exait5)le 9) 
without further pxirification, NMR spectrum taken in CD3OD 

showed no t-buto:Qrceurbonyl protons at 1.4 ppm. 
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Example 70 

Preparation of N"f2-Hvdroxv3-rM-b^n?:vlsinfr^;^y1 aminoWfi- 

b€n7;vlQXVcarbonvini-L-alani nol 

To a suspension • of the Compoimd of Exainple 19 (25) 
(2.06 g, 4,08 mmole) in 'acetonitrile (22 mL) is added 
successively the compound of Exair5>le 8 (8) (2.36 g, 5.56 
mmole), EDC (1.12 g, 5.84 mmole), 1-h/droxybenzotriazole 
hydrate (979 mg, 6.39 mmole), and N-methylmorpholine (3 mL, 
27.80 mmole) . The solution is stirred at ambient teir^serature 
for about twenty hours . The solvent is removed under vacuum 
and the resulting residue is dissolved in a 9:1 mixtxire of 
dichloromethane/isopropanol (40 mL) and washed two times each 
,^with 15 mL portions of IN sodium bisulfate, satxarated sodium 
bicarbonate and sattirated sodium chloride. The organic layer 
is dried over anhydrous sodium sulfate and concentrated \inder 
vacuum to give the title compound. The product is a mix of 
diastereomers at PI and has a calculated molecular weight of 
875.05. 

Example 21 

PrgPflrr^r.ion of N-r2-Hvdroxv3^fM-ben zvlsulfQnYlaTninn\-^- 

ingthvlphfinyl -acetyl 1 -3- r (r, s) -3-piperidinvi- m-rn ^^ n idinoi i -t.- 

alaninol 

The compound of Exanple 20 (26) (1.97 g, 2.25 mmole) is 
sxibjected to catalytic hydrogenation in methanol (100 mL) and 
acetic acid (10 mL in the presence of 10% palladium on carbon 
(185 mg) at 30 psi for about 2.5 hours. The catalyst is 
filtered. The filtrate after concentration xmder vacuum 
yields the title conpouhd as two diastereomers with a 
calculated molecular weight of 577,7. 
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Example 22 

Preparation of K- r2-Hvdroxv-3- fN-benzvlsulf onvlaminol >6- 
Tnet:hvlnhe nvl■age1rvrn -3- r3-piri^yidinvl- (N-mianidino) -L- 
alaninal and gpnaration of diasteromers (2aa and 2flla^ 
5 To a chilled solution of the compound of Example 21 (27) 

(0.81 g, 1.4 mmole) in dimethyl sulfoxide and toluene (15 mL 
each) is added dichloroacetic acid (567 JIL, 6.9 mmole), 

followed by EDC (2.68 g, 14 mmole) at one minute later. The 
reaction mixtue is stirred for about 5 minutes at 0*C, then 

10 about 85 minutes at ambient teroperature, and then is quenched 
with 60 mL water. The water layer is extracted twice with 
diethyl ether (10 mL portions) and subjected to HPLC using a 
47 X 300 mm reverse phase colxmm continuing a C-IB resin 
^ comprised of 10 micron-size gel peirticles with a 300 angstrom 

15 ' pore size. The column is eluted with a gradient ranging from 
* 15% to 30% acetonitrile in water (containing 0.1% 
trif luoroacetic acid) . The HPLC fractions will yield fast 
moving and slow moving pesdcs containing the two idiastereomers 
of the title conqpound. The fractions containing each 

20 diastereomer when pooled, then lyophilized, will give the two 
diastereomers of the title confound, (28a and 28b) . 

&i^m?l^ 23 

Preparation semiearba2id-4-vl diphenvlmethane , 
25 trifluoroacetate salt 




Step 1: 

30 A solution of carbonyldiimidazole (16.2 g, 0.10 mole) 

in 225 mL of dimethylf ormamide was prepared at room 
temperature and allowed to stir under nitrogen. A solution 
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Of t-butyl caorbazate (13.2 g, 0,100 moles) in 225 mL 
dimethylfonaamide was then added dropwise over a 30 minute 
period. Next, diphenylmethylamine (18.3 g, 0,10 moles) was 
added over a 30 minute period. The reaction was allowed to 

5 stir at room temperature under nitrogen for one hour. Water 
(10 mL) was added euad this mixture was concentrated to about 
150 mL under vacu\Hn. This solution was poured into 500 mL 
water and extracted with 400 mL of ethyl acetate. The ethyl 
acetate phase was extracted two times each with 75 mL IN HCl, 

10 water, saturated sodium bicarbonate £uid brine, and then was 
dried with anhydro\is magnesium sulfate. The mixture was 
filtered and the solution was concentrated to give 29.5 g 
(85% yield) of l-t-buto3ycarbonyl-semicarba2id-4-yl 
jr;diphenylme thane as a white foam. This material may be 

15 purified by recxystallization from ethyl acetate/hexane, but 

■I 

was pxire enough to use directly in step 2: mp 142-143"C. 
NMR (CDCI3) delta 1.45 (s, 9H) , 6.10 (dd, 2H) , 6.42 (s, IH) > 

6.67 (bs, IH), 7.21-7.31 (m, lOH) . Analysis calculated for 
C19H23N3O3: C, 66.84; H, 6.79; N, 12.31. Found: C, 66.46; H, 

20 6.75; N; 12.90. 
SCgP 2: 

A solution of 3.43 g (10 mmole) of 1-t-butoxycarbonyl- 
semicarba2id-4-yl diphenylme thane in 12.5 mL of 

25 dichloromethane was treated with 12.5 mL of trifluoroacetic 
acid at O^C. The reaction mixture Wcis allowed to stir for 30 
minutes at this tenqperatur e . The reaction mixture was then 
added dropwise to 75 mL of diethyl ether to give a 
precipitate. The resulting precipitate was filtered off and 

30 washed with dietl^^l ether to give 2.7 g (80% yield) of the 
title compound; rap 182-184^C. 
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77 




15 



20 



25 



Pr-eparatlon of 3>-t:hioamid Qbenzvl-N-acetvlaininomalQnic ae^<^ 
diethyl esfcer (3 5) 



To a stirred solution of alpha-bromo-meta-tolunitrile 
(32) (45.0 g, 0.24 mole), diethyl acetanddomalonate (33) 
(48,0 g, 0.22 mole) and potassium iodide (3.0 g, 0,018 mole) 
in dioxane (500 mL) was added 2.5M sodiiaa ethoxide in ethanol 
(100 mL) dropwise under am. argon atmosphere. After the 
addition was complete, the solution wets refluxed for 6 hoxirs. 
The reaction mixture was allowed to stand overnight at room 
tempera txire, then diluted with brine (250 mL) and water (250 
mL) , and extracted with ethyl acetate four times (1.0 L 
total) . The combined extracts were washed with water (100 
mL) , 10% citric acid (100 mL) , water (100 mL) and brine (2x50 
mL) , then dried over anhydrous magnesium sulfate and 
filtered; the solvent was removed under vacuiim. The crude 
residue was recrystallized from ethyl acetate and diethyl 
ether in two crops to yield 43.51 g (60%) of the 3- 
cyanobenzyl-N-acetylaminomalonic acid diethyl ester (34) as 

yellow C3^stals. 

H2S(g) was bubbled into a rapidly stirring solution of 

3-cyanobenzyl-N-acetylaminomalonic acid diethyl ester (44.3 
g, 0.13 mmole) in pyridine (300 mL) and trietl^lamine (100 
mL) for 40 minutes. The reaction mixt\ire was stirred at room 
temperature for 16 hours, then poured into 3.0 L of water. A 
yellow precipitate formed immediately. The solution was 
allowed to stand at 4**C for 4 hours, then was filtered. The 
crude title coimoiand was recrystallized from ethyl acetate 




CO2CH2CH, 



5 CH3 
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and hexanes to yield 48.1 g C98%) of the title compound as 
yellow crystals, m,p. 183-186*C. NMR (CDCI3) : delta 1.31 
( t, J=7.1 Hz, 6H), 2.06 (s, 3H) , 3.70 (s, 2H) , 4.29 {q, 
J=:7.1 Hz, 4H), 4.80-4.87 (m, IH) , 6.60 (s, IH) , 7.10-7.20 (m, 
IH), 7.27-7.35 (m, 2H) , 7.60-7.70 (m, 2H) . Analysis 
calculated for C17H22N2O5S: C, 55.72; H, 6.05; N, 7.64. 
Found: C, 55.55; H, 5.96; 7.76. 

Example 25 

Preparation of S-aTnidino-D.L-tahenvlalanine. rg^>^ Y drQelilQr'i rio 
salt f3 6> 



The coirpound of Example 24 (35) (48,1 g, 0.13 xnmole) was 
dissolved in acetone (800 mL) . lodomethane (18.3 mL, 0.19 
mole, 1,5 equivalents) was added, and the solution was 
refluxed for 30 minutes. The solution was cooled to room 
temperature, and the intermediate thioimidate was filtered, 
dried and dissolved in methanol (500 mL) . Ammonium acetate 
(14.8 g, 0.19 mole, 1.5 equivalents) was added. The reaction 
mixture was refluxed for 1. hour, then cooled to room 
ten?)erature, and poured into ether (1.2 L). The solution was 
allowed to stand at 4*C for 72 hours. The crude 3- 
amidinobenzyl-N-acetylaminomalonic acid diethyl ester was 
filtered,, washed with ether, a±r dried, and then refluxed in 
concentrated HCl (250 mL) for 3 hours. The reaction inixture 
was concentrated under vacuuan, diluted with water (0.5 L) , 
and concentrated iinder vacuum again. These steps were 
repeated. The crude title coinpoxjnd was purified by cation- 
exchange (Sephadex SP-C25) using a gradient of 0-1. ON HCl as 
eluent to yield 10. 8g (30%) of the title coitpound as an off- 




CO2H 



NH * 2HCI 



NH2 
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White solid. NMR (D2O) : delta 3 .14-3 .29 (2H. m) . 4.17 

(dd, J=7.4, 6.2 Hz, IH) . 7.42-7,69 (4H, m) . Analysis 
calculated for C10H13N3O2 • 2HC1 • 1 . 9H,0.: C, 38.20; H, 6.03; N, 

13.36. Found: C, 38.51; H, 5.64; N, 12.89. 



p^«.r,aT-ati Q n of W-alt>ha-BQC-N-CT-4-nigth<?yY-2 . 3 . g- 
h-ri-Tnp.f,hvlbenzenesu1 f r>iTu-l-3-?iTn^ dino-D . It-PhCTVlali 



10 



15 



20 



25 



30 




OCIi 



3-amidino-D,L-phenylalanine (the compound of Example 25, 
(36)) (4.00 g, 13 mmole) was dissolved in 50% aqueous dioxane 
(20 mL) . Sodium bicarbonate (3.38 g, 40 mmole) 'was added, 
followed by di-t-butyl dicarbonate (2.93 g, 13 mmole) in 
dioxane (4 mL) . The reaction mixture was stirred for 18 
hours at room temperature. The solution was cooled in an ice 
bath, and 4.0 N sodium hydroxide was added dropwise until the 
solution was pH 12 . 4-methoxy-2 , 3 , S-trimethylbenzenesulf onyl 
chloride (8.01 g, 32 mmole) in dioxane (10 mL) was added 
dropwise. 4.0 N soditim hydroxide was added as needed to ke^ 
the pH at 12. The ice bath was ranoved. After 1 hour, 1.0 N 
HCl was added to bring the solution to pH 7-8. The solution • 
was diluted with an additional 50 mL of water and then was 
washed with ethyl acetate two times (20 mL each) . The 
aqueous layer was acidified to pH 1.0 with 1.0 N HCl and 
extracted with ethyl acetate three times (100 mL total) . The 
combined orgemic layers were washed with water (20 mL) and 
brine twice (10 inL each) . The organic layer was dried over 
anhydrous magnesium sulfate and the solvent was removed under 
vacuum. The residue was dissolved in a . minimum amount of 
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dichloromethane, then added drppwise to ether (25 mL) . Solid 
in?5urities were removed by filtering and the solvent removed 
from the filtrate xander vacuum to give 4.90 g (68% crude 
yield) of the title compound as an off-white foam. A 30 mg 
sample of the title compound was further purified by 
preparative thin- layer* chromatograph developing with 1% 
acetic acid/5% isopropanol/ dichloromethane to give 9 mg of 
the title conqpound in a pirrer form. Rf = 0.16 (1% acetic 
acid/S% isopropanol/dichloromethane) . NMR (CD3OD) : delta 
1.32 (s, 9H), 2.14 (s, 3H), 2.63 (s, 3H) , 2.71 (s, 3H) , 2.93 
(dd, J=13.7, 9.3 Hz, IH) , 3.22 (dd, J=13.7, 4.3 Hz, IH) , 3.85 
(s, 3H), 4.34-4.37 (m, IH) , 6.72 (s, IH) , 7.35-7.47 (2H, m) , 
7.69-7.75 (m, 2H) . 

Preparation of M -alpha-Boc-N-CQ-4-methoxv-2 . 3 . fy- 

tr i methvlbenzeTlP.siTlfonvl-3-amidino-D. l,-phem/1alanine-W- 
me thvl -0-met>tv1 - rarboxamide (38) 




To ^ stirred solution of confound of Example 26 (37) 
(1.00 g, 1,92 mmole), 0,N-dimethyl hydroxylamine 
hydrochloride (375 mg, 3.85 mmole), hydroxybenzotriazole 
hydrate (294 mg, 1.92 mmole) and 4-metlQrlmorpholine (1.06 mL, 
9.62 mmole) in tetrahydrofuran (4 mL) , cooled in an ice bath, 
was added EDC (406 mg, 2.12 mmole). fChe ice bath was 
removed, and the reaction mixture was stirred for 2 hours at 
room temperature. The reaction mixttire was diluted with 
ethyl acetate (75 mL) , washed with water, 10% citric acid, 
water, saturated sodixjm bicarbonate, and brine. The organic 
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layer was dried over anhydrous magnesitim sulfate and the 
solvent was removed under vacum. 750 xng (69%) of the title 
compound was isolated. NMR {CDCI3) : delta 1.33 (s, 9H) , 

2.14 (s, 3H), 2.66 (s, 3H) , 2.75 (s, 3H) , 2.80-2.88 {m, IH) , 
5 3.06-3.20 (m, 4H) , 3.70 (s, 3H) , 3.84 (s, 3H) , 4.98-5.06 {m, 
IH), 5.21 (d, J=8.7 Hz, IH) , 6.48 (bs, IH) , 6.58 (s, IH) , 
7.30-7. 34 (m, 2H) 7.60-7.68 [m, 2H), .8.11 (bs, IH) . Analysis 
calculated for C27H38N407S- 0.51^0: C, 56.73; H, 6.88; N, 

9.80. Found: 56,97; H, 6.66; N, 9.43. 

10 

Example 28 

Preparation of N-alpha-BQC-N-a>-4-methoxv-2 , 3 . 6- 
trimethvlbenzenesulf onyl-D. L-3-amidinQPhenvlala ninal f 3 9 > 




To a stirred solution of LiAlH4 (2.00 inL of a 1.0 M 
solution in tetrahydrofxiran, 1.24 mmole). in tetral^rdrofuran 
(8 jnL) , cooled in a dry ice/acetone bath, the coxiipoxmd of 

20 Example 27 (38) (0.75 g, 1.9 mmole in tetrahydrofuran (5 mL) ) 
was added dropwise. The cooling bath was removed and the 
reaction mixture wsis allowed to warm to 5*C. The reaction 
mixtxire was re-cooled in the dry ice acetone bath and 
quenched with 3.0mLofal:2.7 wt*/wt. solution of potassium 

25 bisulfate in water. The reaction mixture was allowed to warm 
to room temperature, stirred for 3 hoxirs, filtered and 
concentrated xinder vacuum. The residue was dissolved in 
ethyl acetate (20 mL) , and washed with 10% citric acid (2 
mL) , water (2 mL) , saturated sodium bicaurbonate (2 mL) and 

30 brine (2 mL) . The organic layer was dried over anydrous 

magnesixjm sulfate and the solvent was removed under vacuum to 
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yield 580 itig (86%) of the title conqpoxand. NMR (CDCI3): 
delta 1.31 (s, 9H) , 2.07 (s, 3H) , 2.57 (s, 3H) , 2.67 (s, 
3H), 2. 90-3. 17 {2H, m) , 3.77 (s, 3H) , 4.33-4.40 (IH, m) , 5.02- 
5.08 (IH, m), 6.48 (IH, s) , 7.23-7.31 (2H, m) , 7.50-7.62 (2H, 
m), 7.94, (IH, bs), 8.05 (IH, bs) , 9.55 (IH, s) . Analysis 
ceO-CUlated for C25H33N3O6S-0 .5H20: C, 58.58; H, 6.69; 

N,8.20. Found: C, 58.57; H, 6.72; N, 7.98. 

* 

Example 29 

Pretjaration of N-alpha-Boc-N-Q>-4-inetho3<v->2 . 3 . 
trimethvlbenzenegulf onvl-D ■ L-3-amidinQphenv1 alaninal- 
semicarbazonvl>4 -N-diphGnvlme thane U 0 > 




The coinpound of Example 28 (39) {0.58 g, 1.9 xnmole) , the 
coii^oimd of Example 23 (410 rog, 1.15 inmole) and sodium 
acetate trihydrate (188 mg, 1.38 mmole) were reflxaxed in 75% 
aqueo\is ethanol (10 mL) for 1 hour. After the reaction 
mixture was cooled to room temperature, it was diluted with 
ethyl acetate (50 mL), washed with l.ON HCl (5 mL) , water (5 
mL) , satxirated sodixam bicaorbonate (5 mL) and brine (2x5 mL) , 
and dried over anhydrous magnesium stxlfate. The solvent was 
removed under vacuum to yield 750 mg (89% yield) of the title 
compoimd as an off-white foam. Analysis calculated for 
C39H46N6O6S-1.0 H2O: C, 62.88; H, 6.49; N, 11.28. Found: 

C, 63.14; H, 6.35 N, 11.10. Calcxilated molecular weight 
was 726.90. 
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Examnle 30 

Preparation of N-m-4-methoxv-2 .3 . g-trimethvlho nzene sni f nr^Yl - 
D.L-3-amidinophenvlalaninal-sendcarbazonvl-4-M- 
S dlphenvlmethane . trifluoroaeetate salt 




. CFaCOzH 



The confound of Example 29 (40) (750 mg, 1.9 mmole) was 
10 treated with 50% trif luoroacetic acid/dichloramethane (3 inL) 
for 30 minutes at room temperatiire • The reaction mixttire was 
added dropwise to ether (50 mL) • The solution was allowed to 
stand at 4**C for 18 hours. The product was filtered, and 
dried under vacuum to yield 600 mg (79% yield) of the title 
15 coinpoxind as an off-white solid. Analysis calculated for 
C34H38N604S-1.3CF3C02H: C, 56.72; H> 5.11; N, 10.84, 

Found: C, 56.34; 5.47; N, 11.49 *. The salt had a 
calculated molecular weight of 740.8. 

20 Examnle 31 

Preparation of N-r2-BengvlQxv-3-fK-benzvlsulf onvlaminQ)-.6- 
methvlphgnYl -f^ cetvll -D. L-N-Q)-4-methoxv-2 .3,6- 

trimethvlheT17TOesulf onvl-D . I,-3-amidinQPhenvlalanina1 - 

semicarbazonvl-4-N-diphenvlmQthane fA2^ 
25 EDC (180.1 mg, 0.94 mmole) is added in one portion to a 

stirred solution of the compound of Example 8 (8) (209 mg, 
0.49 mmole), hydro^^rbenzotriazole (75 mg, 0.49 mmole), and 4- 
methylmorpholine (0.24 mL, 2.2 mmole) in dimethylformamide (5 
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itiL) with cooling in an ice bath. After 30 minutes, the 
compound of Exainple 30 (41) (363 mg, 0.49 mmole) is added. 
After an additional 22 hours, the reaction mixture is diluted 
with water (25 mL) and brine (25 mL) . The product is 
5 filtered and dissolved in ethyl acetate (125 mL) . The 
solution is washed with 10% citric acid, water, saturated 
sodium biccirbonate and brine, euid is dried over anhydrous 
magnesium sulfate. The solvent is removed under vacuum. The 
resulting residue is chromatographed by fleish chroma tograp^ 
10 on silica gel to give the title compound. 



Preparation of N-r2-Hvdroxv-3- m-b enzvl^sulfonvlarm'Tin^ ,5- 
methvlr>henvl-acetvl-D . I.-3-amidinQphenvlal aninal f?pmicaT-Hay;nrt*> 

15 ^ (43) 

The conpound of Exait^le 31 (42) (100 mg) is treated with 
hydrofluoric acid/anisole (9:1) for 30 minutes at -20*C and 
0®C for 30 minutes. After removal of the hydrofluoric acid, 
the resulting residue is dissolved in 20% aqueous acetic acid 
20 and washed with diethyl ether. The aqueous layer is 

lyophilized to a powder, then is purified by preparative HPLC 
(C-18, eluting with 10-40% acetonitrile-water gradient 
containing 0.1% trif luoroacetic acid) to give the title 
compound. 

25 

Example 33 

Preparation of r^-Hvdrow-3- (N-ben zvlsnlfonvlamino^ -fi- - 
m^thvlphenvlacetvl l-D.L-3*amidinQphenv lalaninal 14 A) 
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The coirtpotond of Exaxnple 32 (43) (50 mg, 32 xnicromoles ) 
is dissolved in methanol (1 xnL) and 1% aqueous 
trifluoroacetic acid (5 mL) , then formalin (0.23 mL) is 
added. After 40 minutes, the solution is filtered through a 
5 2 micron filter, diluted to a volume of 15 mL with water, and 
then is purified by preparative HPLC (C-18, eluting with 10- 
40% acetonitrile-water gradient containing 0.1% 
trif luoroacetic acid) . The fractions contsdning the title 
compound are pooled and lyophilized to give the title 
10 compound. 

Examfple A 

Kinetic Analysis of Comnotinds in an in vitro Thrombin 

Inhibit jpn Aggay 

15 The ability of the compounds of Exanple 11 and 14 to act 

- as an inhibitor of thrombin catalytic activity was assessed 
by determining the conipounds' inhibition constant, Ki. 

Enzyme activity was determined using the chromogenic 
sxibstrate Pefachrome t-PA (CH3S02-D-hexahydrotyrosine-glycyl- 

20 L-arginine-p-Nitroanilide) , obtained from Pentapharm Ltd. 
The substrate was reconstituted in deionized water prior to 
use. Purified human alpha- thrombin {3000U/mg specific 
activity) was obtained from Enzyme Research Laboratories, 
Inc. The buffer used for all assays was HBSA (10 mM HEPES, 

25 pH 7.5, 150 mM sodi\jm chloride, 0.1% bovine serum albumin) . 

The assay for Ki determinations was conducted by 
combining in appropriate wells of a Coming micro titer plate, 
100 microliters of HBSA or the test cornpoimd at a specified 
concentration diluted in HBSA (or HBSA alone for 

30 Vo (uninhibited velocity) measurement), and 100 microliters of 

* 

the chromogenic substrate (750 pM, 5X Km) . At time zero, 50 
microliters of alpha- thrombin diluted in HBSA were added- to 
the wells, yielding a final concentration of 0.2 nM in a 
total volume of 250 microliters. Velocities of chromogenic 
35 substrate hydrolysis which occTJorred over 60 minutes were 

measured by the change in absorbance at 405 zun using a Thermo 
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Max® Kinetic Microplate Reader. Ki values were determined 
for test confounds using the relationships developed by 
Williams and Morrison, Methods in Enzymology, £3.: 437 (1979) 
using steady state velocities (Vg) measured over 60 minutes. 

The extent of siobstrate hydrolysis was less than 5% over the 
course of this assay. 

Table 1 below gives the Ki values for the coirpounds of 
Examples 11 and 14* The data show the utility of these 
conpoiinds as potent in vitro inhibitors of himian alpha- 
thrombin. 



Table 1 




Xn vitro Enzvme Assays for Specificity Determii^ ^ h jo Ti 

The ability of compounds of this invention to act as a 
selective inhibitor of thrombin catalytic activity was 
assessed hy determining the concentration of test coiipoimd 
which inhibited the activity of this enzyme by 50%, (IC50), 
and comparing this value to that determined for some or all 
of the following related serine proteases: recombinant tissue 
plasminogen activator (rt-PA) , plasmin, activated protein C 
(aPC) , chymotrypsin and trypsin. 

The buffer used for all assays was HBSA (10 itiM HEPES, pH 
7.5, ISO roM sodium chloride, 0.1% bovine serum albumin) . The 
assay for IC50 determinations was conducted by combining in 
appropriate wells of a Coming microtiter plate, 50 
microliters of HBSA, 50 microliters of the test con^jound at a 
specified concentration (covering a broad concentration 
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range) diluted in HBSA (or HBSA alone for Vq (xininhibited 
velocity) measurement) , and 50 microliters of the enzyme 
diluted in HBSA. Following a 30-minute incubation at ambient 
temperature, 50 microliters of the substrate at the 

5 concentratiozis specified below were added to the wells, 
yielding a final total volume of 200 microliters. The 
initial velocity of chromogenic substrate hydrolysis was 
measured by the change in absorbance at 405 nm using a Thermo 
Max® Kinetic Microplate Reader over a 5 minute period in 

10 which less than 5% of the added substrate was utilized. The 
concentration of added inhibitor which caused a 50% decrease 
in the initial rate of lydrolysis was defined as the IC50 

value . 

IS 1. Thrombin (fITa) Assay 

Enzyme activity was determined using the chromogenic 
substrate, Pefachrome t-PA (CH3S02-D-hexabydrotyrosine- 

glycyl-L-Arginine-p-nitroaniline, obtained from Pentapharm 
Ltd.) . The siibstrate was reconstituted in deionized water 
20 prior to use. Purified human a- thrombin was obtained from 

Enzyme Research Laboratories, Inc. The buffer used for all 
assays was HBSA (10 raM HEPES, pH 7.5, 150 mM sodium chloride, 
0 . 1% bovine sertim albumin) . 

IC50 determinations were conducted where HBSA (50 ^1) , 
25 a-throihbin (50 (the final enzyme concentration is 0.5 nM) 

and inhibitor (50 fll) (covering a broad concentration range) 
were combined in appropriate wells and incubated for 30 
minutes at room teinperature prior to the addition of 
sxabstrate Pefachrome- t-PA (50 (the final substrate 

30 concentration is 250 pM, about 5 times Km) . The initial 

velocity of Pefachrome t-PA hydrolysis was meas\ired by the 
chwge in absorbance at 405 nm using a Thermo Hclx® Kinetic 
Microplate Reader over a 5 minute period in which less than 
5% of the added substrate was utilized. The concentration of 

35 added inhibitor which caused a 50% decrease in the initial 
rate of hydrolysis was defined as the IC50 value. 
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2- Recombinant tissue plasminogen aeir ivator trf^f j^) 

rt-PA catalytic activity was determined using the 
substrate, Pefachrome t-PA {CH3S02-D-hexahydrotyrosine- 
5 glycyl-Ii-arginine-p-nitroanilide, obtained from Pentapharm 
Ltd,) . The substrate was made up in deionized water followed 
by dilution in HBSA prior to the assay in which the final 
concentration was 500 micromolar (about 3-tiiaes Km) . Human 
rt-PA (Activase®) was obtained from Genentech Inc. "The 
10 enzyme was reconstituted in deionized water and diluted into 
HBSA prior to the assay in which the final concentration was 
1.0 nM. 

3. Plasmin ^f^f^^y 

PlasmdLn catalytic activity was determined using the 
chromogenic substrate, S-2366 (L-pyro-Glu-Pro-Arg-pNa-HCl), 
which was obtained from DiaPharma Group, The substrate was 
made up in dei6nized water followed by dilution* in HBSA prior 
to the assay in which the final concentration was 300 
micromolar (about 2.5-times Km) . Purified human plasmin was 
obtained from Enzyme Research Laboratories, Inc. The enzyme 
was diluted into HBSA prior to assay in which the final 
concentration was 1.0 nM. 

25 4. Activated Protein C (^VC) 

aPC catalytic activity was determined tising the 
chromogenic substrate, Pefachrome PC (delta-carbobenzloxy-D- 
lysine-L-prolyl-L-arginine-p-nitroanilide) , obtained from 
Pentapharm Ltd.). The substrate was made up in deionized 

30 water followed by dilution in HBSA prior to the assay in 
vdiich the final concentration was" 400 micromolar (about 3- 
times Km) . Purified htunan aPC was obtained from Hematologic 
Technologies, Inc. The enzyme was diluted into HBSA prior to 
assay in which the final concentration wets 1.0 nM. 

35 * 
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5. ChvmQbrvngin 

Chymotrypsin catalytic activity was detennined using the 
chromogenic substrate, S-2586 (methoxy-succinyl-L-arginine-L- 
prolyl-L-tyrosyl-p-nitroanilide) , which was obtained from 
5 DiaPhainna Gro\jrp. The substrate was made up in deionized 
water followed by dilution in HBSA prior to the assay in 
which the final concentration was 100 micromolcir (about 9- 
times Km) . Purified {3X-crystallized; CDI) bovine pancreatic 
a-chymotrypsin was obtained from Worthington Biochemical 
10 Corp. The enzyme was reconstituted in deionized water and 
diluted into HBSA prior to assay in which the final 
concentration was 0,5 nM. 

^ s. Trypsin 

15 Trypsin catalytic activity was determined using the 

chromogenic substrate, S-2222 (benzoyl-L-isoleucine-L- 
glutamic acid- (gamma-metl^l ester) -L-airginine-p- 
nitroanilide) , which was obtained from DiaPharma Group. The 
substrate was made up in deionized water followed by dilution 

20 in HBSA prior to the assay in which the final concentration 
was 250 micromolar (about 4-times Km) . Purified {3X- 
crystallized; TRL3) bovine pancreatic trypsin was obtained 
from Worthington Biochemical Corp. The enzyme was 
reconstituted in deionized water and diluted into HBSA prior 

25 to assay in which the final concentration was 0.5 nM. 

7. Factor Xa 

Factor Xa catalytic activity was determined using the 
chromogenic substrate S-2765 (N-benzyloxycarbonyl-D-arginine- 

30 L-glycine-L-arginine-p-nitroaniline) , obtained from DiaPharma 
Group (Franldin, OH) • All substrates were reconstituted in 
deionized water prior to use. The fincJL concentration of S- 
2765 was 250 (about 5-times Km) . Purified human Factor X 
was obtained from Elnzyme Research Laboratories, Inc. (South 

35 Bend, IN) and Factor Xa (FXaj was activated and prepared from 
it as described [Bock, P-E., Craig, P,A., Olson, S.T., and 
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Singh, P. .Arch. Biochem. Biophys. 273:375-388 (1989)]. The 
enzyme was diluted into HBSA prior to assay, in which the 
final concentration was 0*25 nM. 

Table 2 lists the determined IC50 values for the 
coitipounds of Examples 11 and 14 as inhibitors of some of the 
enzymes listed above and demonstrates the high degree of 
specificity for the inhibition of alpha-thrombin carapax^d to 
these related serine proteases. 

Table 2 

IC^ values for the inhibiti on of htiTiif ^y) f\^'Qh^ 
thrombin amidolvtic activity CQTnn ared fco 
selected serine nroteases for gnT Ttpotmfi.<^ r>f 
Example 11 and 14 



Enzyme 


Compound of 
Example 11 


Con^Dound of 
Example i4 




IC50 (nM) 


IC50 (nM) 


alpha- thrombin 


3.19 


1.44 


rt-PA 


NI* 


NI* 


Plasmin 


NI* 


NI* 


aPC 


NI* 


NI* 


ChvmotrvDsin 


NI* 


NI* 


Trypsin 


1145 


1810 



*-No inhibition observed at the maximal 
concentration of inhibitor assayed-2500nM. 

ExamnlA Q. 

fiV V i VQ Rnticoacmlant Effects of CoTmounds in R at ant^ H ^^ m n 
Plasma 

The £x vivo anticoagulant effects of compounds of the 
present invention are determined by measxiring the 
prolongation of the activated partial thromboplastin time 
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(APTT) over a broad concentration ramge of the added 
inhibitor, using pooled normal human and rat plasma. 

Fresh frozen citrated pooled normal human pleisma is 
obtained from George King Biomedical, Overland Park, KA. 
5 Pooled normal rat plasma is prep2ared from citrated whole 
blood collected from anesthetized rats using standard 
procedures. The plasma is flash frozen and stored at -80^C 
imtil use. 

Measurements of APTT are made using the Coag-A-Hate 1^4 
10 automated coagulometer (General Diagnostics, Organon 

Technica, Oklahoma City, OK) using the Automated APTT reagent 
(Organon Technica, Durham, NO as the initiator of clotting 
according to the manufacturers instructions. The assay is 
conducted by making a series of dilutions of the test 
15 ^ compounds into 100 \il rapidly thawed plasma followed by 

adding 200 microliters of APTT reagent and calcium chloride, 
to the wells of the assay carousel. Compounds that prolong 
the APTT in a dose-dependent manner are considerjed to 
demonstrate an anticoagulant effect. 

20 

Evaluation of the Antithrombotie Potential of Compounds in an 

Experimental Rat Model of Thrombosis 

The antithrombotic (prevention of thrombus formation) 

25 properties of coxnpounds of the present invention are 

evaluated using the following established experimental model 
of acute vascular thrombosis which is a rat model of FeCl3* 

■ 

induced platelet-dependent eorterial thrombosis. 

This is a well characterized model of platelet 
30 dependent, arterial thrombosis which has been xised in the 

evaluation potential antithrombotic coirpounds such as direct 
thrombin inhibitors. See, Kurz, K. D., Kain, B. W., and - 
Sandusky, G. E., Thromb. Res., 269-280 (1990). In this 

model a platelet-rich, occlusive thrombus is formed in a 

35 segment of the rat carotid artery treated locally with a 

fresh solution of FeCl3 absorbed to a piece of filter* paper. 
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The FeCl3 .is thought to diffuse into the treated segment of 
artery and causes de-endothelialization of the affected 
vessel surface. This results in the es^osiire of blood to 
siibendothelial structxires which in turn causes platelet 
5 adherence, thrombin formation and platelet aggregation 

resulting in occlusive thrombus formation. The effect of a 
test compoxind on the incidence of occlusive thrombus 
formation following the application of the FeCl3 is monitored 
by ultrasonic flowtometry and is used as the primary end 
10 point. The use of flowtometry to measure carotid eurtery 
blood flow, is a modification of the original procedure in 
which thermal detection of clot formation was employed . See, 
Kurz, K. D., Main, B, W., and SandusJQr, G* E., Throirib, Res./ 
269-280 (1990) . 

15 Male Harlan Sprague Dawley rats (420-450 g) are 

I acclimated at least 72 hours prior to use and fasted for 12 
hours prior to surgery with free access to water. The 
animals are prepared, anesthetized with Nembutal ,f ollowed by 
the insertion of catheters for blood pressure monitoring, 

20 drug and anesthesia delivery. The left carotid artery is 
isolated by* making a midline cervical incision followed by 
blunt dissection and spreading techniques to sepeirate a 2 cm 
segment of the vessel from the carotid sheath. A silk suture 
is inserted under the proximal and distal ends of the 

25 isolated vessel to provide clearzmce for the placement of a 
ultrasonic flow probe (Transonic) aroxmd the proximal end of 
the vessel. The probe is then secured with a stationary arm. 

Following surgery the animals are randomized in either a 
control (saline) or treatment group with test coirpound, with 

30 at least 6 animals per group per dose. The test compotmd is 
administered as a single intravenous bolus at doses of about 
0.3 to 5.0 mg/kg after placement of the flow probe and 5 
minutes prior to the thrombogenic stimulus. At t=0, a 3mm 
diameter piece of filter paper (Whatman #3) soaked with 10 

35 microliters of a 35% solution of fresh FeCl3 (made up in 

water) is applied the segment of isolated carotid artery 
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distal to .the flow probe. Blood pressure, blood flow, heart 
rate, and respiration are monitored for 60 minutes . 

The incidence of occlusion (defined as the attaixiznent of 
2ero blood flow) is recorded ais the primary end point. The 
S efficacy of test compoxinds as an antithrombotic agent in 
preventing thrombus formation in this in vivo model is 

demonstrated by the reduction in the . incidence of thrombotic 
occlusion. The effective dose which prevents 50% of 
thrombotic occlusions in this model (EDsq) can be determined 

10 from the above data by plotting the incidence of occlusion 

versus the dose administered. This allows a direct 

comparison of the antithrombotic efficacy of test compounds 

with other antithrombotic agents which have also been 
evaluated in this model as . Table 3 lists the EDso values 

t 

15 for several well known emticoacpjilant agents in this model 
(Heparin-Hirsh, J. N. Engl. J. Med., 121:1565-1574 (1992), 
Cairns, J.A. et. al. Chest, lli2.:456S-481S (1992); Argatroban- 
Gold, H.K, et.al., J. .Am. Coll. Cardiol., 21:1035-1047 
(1993); and Hirulog»*-Sharma, G.V.R.K. et.al., Am. J. 

20 Cardiol., 22.:1357-1360 (1993) and Lid6n, R.M. et.al.. 
Circulation, M:1495-1501 (1993)). 

* 

lablg 3 

Efficacy of known anti thrombotic agents based on 
25 EPgri for thrombus prevention in the FeCl^ 

model of arterial thrombosis 



Compound 


ED50^ 


Standard Heparin 


200 U/ka 


Arcratroban 


3 . 8 ma/ka 


Hiruloa^ 


3 . 0 ma/ka 



^EDso is defined as the dose that prevents the incidence 
30 of complete thrombotic occlusion in 50% of animals tested. 
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The in vivo gQmpayigQn of conpotinds of the present 
invention with the clinically effective antithrombotic agents 
Standard Heparin, Argatroban, and Hirulogtm the same 
rodent model of e3q>erimental thrombosis coupled with 
demonstrated anticoagulant effects of the present coitpounds 
in both rat and hiimeui pleisma described above in Exanple C 
would lead one skilled in the art to conclude that this 
compound will be an effective antithrombotic agent in humauis . 
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Example E. 

Elastase Assay 

Elastase catalytic activity was determined using the 
chromogenic sxibstrate Elastase Substrate I (MeOSuc-Ala-Ala- 
5 Pro-Val-p-iiitroanaline, obtained from Calbiochem) • The 

substrate was reconstituted with 10% DMSO and assay buffer. 
Human Neutrophil Elastase was obtained from Calbiochem and 
diluted in the assay uffer prior to use* The assay buffer 
diluted in the assay buffer prior to use. The assay buffei: 
10 was HBS (10 mM HEPES, 150 inM sodium chloride, pH 7.5) with 
0.1% Tween 80 and 10% DtlSO. The DMSO is necessary to keep 
the s\jbstrate from precipitating dtoring .the cotirse of the 
assay. 

IC50 determinations were conducted by combining in 
15 ^ appropriate wells of a Coming microti ter plate, 50 

■I microliters of the test compound at a specified concentration 
(covering a broad concentration reuige) diluted in buffer (or 
buffer along for (uninhibited velocity) measurement) , and 

50 microliters of the enzyme diluted in buffer, yielding an 
20 enzme concentration of 1 nM. Following a 30 minute 

incubation at ambient temperatiire, 100 microliters of the 
substrate were added to the wells, yielding a final volxime of 
200 microliters, and a stibstrate concentration of 750 
(about 6 times Km) . 
25 The initial velocity of substrate hydrolysis was 

measured by the change of absorbance at 405 nM using a Thermo 
Ha3c® Kinetic Hicroplate Reader over a 5 minute period in 
which less than 5% of the added substrate was utilized. The 
concentration of added inhibitor which caused a 50% decrease 
30 in the initial rate of hydrolysis was defined as the IC50 
value. 
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We claim: 

1. A compound of the formula: 




R3 



O R2 O 
I 

wherein 

(a) X is selected from the group consisting of -5(0)2"* 
-N(R')-S(0)2-, -C(:=0)-, -0C{=0)-, -NH-C(=0)., -P(0)(R-)- and 
a direct link, wherein R' is hydrogen, alkyl of 1 to about 4 
carbon atoms, aryl of about 6 to about 14 carbon atoms or 
aralfcyl of about 6 to about 16 carbon atoms, and R" is -NHR', 
-OR', -R', or -SR'; 

(b) Ri is selected from the group consisting of: 

(1) alkyl of 1 to about 12 carbon atoms, 

(2) alkyl of 1 to about 3 carbon atoms substituted 
with cycloalkyl of about 5 to about 8 carbon atoms, which 
optionally is substituted on the ring carbons with hydroxyl, 
amino, guanidino, amidino, Ci to C3 £akyl, Ci to C3 alkosQr, 
or -C02R', 

(3) cycloalkyl of 3 to about 15 carbon atoms, 
which optionally is stibstituted on the ring carbons with 
hydroxyl, amino, guanidino, amidino, Ci to C3 allqrl, Ci to C3 
alkoxy, or -CO2R', 

(4) heterocycloalkyl of 4 to about 10 ring atoms 
with the ring atoms selected from carbon and heteroatoms, 
wherein the heteroatoms are selected from the group 
consisting of oxygen, nitrogen, and S(0)i, wherein i is 0, 1 

or 2, and which is optionally stibstituted on the ring carbons 
with hydroxyl, aitdno, g\ianidino, amidino, Ci to C3 alkyl, Ci 
to C3 alkoxy, or -C02R' , 
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(5) heterocyclo f 4 to about 10 ring atoms with 
the ring atoms selected from carbon and heteroatoms, wherein 
the heteroatoms are selected from, the group consisting of 
o^zygen, nitrogen, and S(0}ir and which is optionally 

5 sxabstituted on the ring carbons with hydroxyl, amino, 
guanidino, amidino, Ci to C3 all^l, Ci to C3 alkoxy, or 

-C02R*i 

(6) alkenyl of 2 to about S carbon atoms which is 

optionally substituted with cycloal^yl of about 3 to about 8 

10 carbon atoms, which optionally is substituted on the ring 
carbons with hydroxyl, amino, guanidino, amidino, Ci to C3 

alkyl, Ci to C3 alkoxy, or -C02R'# 

(7) azyl of about 6 to about 14 carbon atoms which 
is optionally mono-, di- or tri-substituted with Yi, Y2, 

15 t and/ or Y3, 

(8) heteroaryl of 5 to 14 ring atoms with the ring 
atoms selected from carbon and heteroatoms, wherein the 
heteroatoms are selected from oxygen, nitrogen, and S(0}i, 

and which is optionally mono-, di- or tri-s\abstituted on the 
20 ring carbons with Yi, Y2/ and/ or Y3, 

(9) ar alkyl of about 7 to about 15 carbon atoms 
which is optionally substituted on the alkyl chain with 
hydroxy or halogen and which is optionally mono-, di-, or 
tri-siabstituted on the aryl ring with .Yi, Y2, and/ or Y3, 

25 (10) heteroaralk/l of 5 to 14 ring atoms with the 

ring atoms selected from carbon and heteroatoms, wherein the 
heteroatoms eure selected from oxygen, nitrogen, and S(0)l, 

which is optionally sxibstituted on the alkyl chain with 
hydroxy or halogen and which is optionally mono-, di- or tri- 
30 substituted on the ring carbons with Yi, Y2/ and/ or Y3, 

(11) aralkenyl of about 8 to about 16 carbon atoms 

having 6 to about 14 ring atoms which is optionally mono-, 
di-, or tri-sxjbstituted on the aryl ring with Yi, Y2# and/ or 

35 (12) heteroaralkenyl of 5 to 14 ring atoms with the 

ring atoms selected from carbon and heteroatoms, wherein the 
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heteroatoms are selected from oxygen, nitrogen, and S(0)i, 

and which is optionally mono-, di- or tri-siabstituted on the 
ring carbons with Yi, Y2, and/ or ¥3, 



(13) O 




10 



(15) 



(14) HO 





(16) 




OH, 



15 



20 



25 



atoms. 



atoms. 



(17) perfluoroallcyl of 1 to. about 12 carbon atoms, 

(18) perfluoroaryl of about 6 to about 14 carbon 

(19) perfluoroaralJcyl of about 7 to about 15 ccirbon 



(20) hydrogen, and 



•N V 



(21) , wherein is a 5 to 7 

heterocyclic ring having 3 to 6 ring carbon atoms, where V is 
-CH2-, -S{=0)-, -S(0)2- or -S-, and 

wherein Yi, Y2, and Y3 are 

(i) independently selected from the group 
consisting of hydrogen, halogen, cyano, nitro, tetrazolyl. 
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amin , guanidino^ amidino, methylamino, methylguanidino, 

"CF2CP3. -CF2H, -CH(CF3)2. -C(OH) (CF3)2/ -OCF3, 
-CX:F2CF3, -OC{0)NH2, -OC{0)NHZl, -OC{0)N2iZ2/ -NHC(0)2i, 
-NHC(0)NH2, -NHC(0)NHZl, -NHC(0)NZlZ2/ -C(0)OH, -C(0)NH2, 
.C(0)NH2l, -C(0)NZiZ2, -C(0)OZi, -P(0)3H, -P{0)3H2, -PH{0)OH, 
-P.(0)3(Z1)2. -S(0)3H , -S(0)jj^Zi^ -Z^, -OZ^, -OH, -'NH2, -NHZi, 
and -NZiZ2r wherein m is 0, 1 or 2, and Z^ and Z2 £u:e 
independently selected from the group consisting of alkyl of 
1 to about 12 carbon atoms, aryl of about 6 to about 14 
carbon atoms, heteroaryl of about 5 to about 14 atoms having 
1 to about 9 carbon atoms, aralkyl of about 7 to about 15 
carbon atoms, and heteroaralkyl of about 6 to about 11 atoms 

having about 3 to about 9 carbon atoms, or 

(ii) Yi and Y2 are selected together to be 

1.1 

" -0C[{Z3) {Z4)lqO-, wherein q is an integer from 1 to 4 and Z3 
and Z4 are independently selected from the group consisting 
of hydrogen, allQ^l of 1 to about 12 carbon atoms, aryl of 
about 6 to about 14 carbon atoms heteroaryl of about 5 to 
about 14 atoms having 1 to about 9 carbon atoms, aralkyl of 
about 7 to about 15 carbon atoms, and heteroaralkyl of about 
6 to about 11 atoms having about 3 to about 9 carbon atoms, 

(c) R2 is selected from the group, consisting of 
hydrogen, allcyl of 1 to about 4 carbon atoms . and alkenyl of 

about 2 to about 4 carbon atoms, 

(d) R3 is selected from the group consisting of 




where d is an integer from 0 to 5 and W is -N- or -CH-; 

(e) is selected from the group consisting of 
4 

(i) -Rlf -ORl, -NHR^, -8(0)^^1' wherein n is 0, 1 
or 2, and R^ is a defined above, with the proviso that is 

— fT^ 

not a cairphor derivative or heterocycle. 
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(ii) -CF3, -CF2H, -0CF3,or -OCP2H, 
(ill) halogen / 

(iv) alkyl of 1 to 6 ceurbon atoms substituted with 
Z5, wherein 25 is selected from the group consisting of 

5 hydrogen, -OH, -ORe, -CH3, halogen, -C(0)OH, -C(0)0R8 and 
-S(0)pR8/ wherein Rg is alkyl of 1 to about 6 carbon atoms, 
and p is 0, 1 or 2, 

(v) all^l of 1 to 3 cjurbon atoms substituted with 
cycloalkyl of 3 to 5 carbon atoms, 

10 (vi) alkenyl of about 3 to about 6 carbon atoms, 

(vii) cycloalkyl of about 3 to about 10 carbon 

atoms, 

(viii) heteroeuyl of about 5 to about 10 ring atoms 
having 1 to about 9 ring carbon atoms and the remainder of 

15 the ring atoms heteroatoms selected from 03c/gen, sulfur and 
■I nitrogen, and 

* 

(xi) heteroeuralkyl of about 5 to about 10 ring 
atoms having 2 to about 15 carbon atoms which include 1 to 
about 9 ring ceirbon atoms and the remainder of the ring atoms 
20 heteroatoms selected from 03cygen, sulfur and nitrogen; 

(f) R5 is selected from the groutp consisting of 

(i) -Rl. -ORi, -NHRi, -S(0)nRi, wherein Ri is as 
defined above, with the proviso that Ri is not a cait?>hor 

derivative or heterocycle, 
25 (ii) -CP3, -CF2H, -0CF3,or OCF2H, and 

(iii)halogen; 

(g) ^6 is selected from the group consisting of 

(i) -Rl, -ORi, -NHRi,or -S(0)nRli wherein Ri is as 
defined above, with the proviso that Ri is not a canphor 

30 derivative or heterocycle, 

(ii) -CF3, -CF2H, -0CF3,or -OCF2H, 

(iii) halogen, 

(iv) alkyl of 1 to about 12 C£u:bon atoms 
substituted with Zg, wherein Ze is selected from the group 
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consisting f hydrogen, hydro^Q^, halogen, -OR9, -NHRg, 
-C{0)OH, -C(0)0R9, and -S(0)pR9, wherein R9 is alkyl of 1 to 

about 12 carbon atoms, aryl of about 6 to about 10 carbon 
atoms, aralkyl of about 7 to about 12 ceurbon atoms, 
5 heteroaryl of about 5 to about 10 ring atoms having 1 to 

about 9 ring carbon atoms and the remainder of the ring atoms 
heteroatoms selected from oxygen, sulfur and nitrogen, which 
is optionally mono-, di- or tri- substituted on the ring with 
Yl, Y2 and/or Y3, or heteroarallcyl of about 5 to about 10 

10 ring atoms having about 2 to about 15 carbon atoms which 

include 1 to about 9 ring carbon atoms and the remainder of 
the ring atoms heteroatoms selected from oxygen, sulfur and 
nitrogen, which is optionally mono-, di- or tri- s\abstituted 
, on the ring with Yi, Y2 and/ or Y3, 

15 - (v) edkyl of 1 to about 3 carbon atoms sxibstituted 

with cycloalkyl of about 3 to about 8 carbon atoms, 

(vi) alkenyl of 2 to about 6 carbon atoms which is 
optionally sxibstituted with cycloalkyl of about 3 to about 8' 
carbon atoms, axyl of about 6 to about 10 carbon atoms or 

20 heteroaryl of about 5 to about 10 ring atoms having 1 to 
about 9 ring ceirbon atoms, 

(vii) aralkyl of about 7 to about 15 carbon atoms 
which is optionally substituted on the alkyl chain with 

« 

hydro3Qr or hstlogen, and optionally mono-, di- or tri- 
25 substituted on the aryl ring with Yi, Y2 and/ or Y3, 

(viii) heteroaradkyl .of about 5 to about 10 ring 
atoms having 1 to about 9 ring csurbon atoms and the remainder* 

« 

of the ring atoms heteroatoms selected from oxygen, sulfur 
and nitrogen, which is optionally siibstituted on the alkyl 
30 chain with hydroxy or halogen, and optionally mono-, di- or 
tri-substituted on the ring carbons with Yi, Y2 and/ or Y3, 

(ix) aralkenyl of about 6 to 15 carbon atoms which 
is optionally mono-, di- or tri-sxibstituted on the aryl ring 
with Yl, Y2 and/ or Y3, and 

35 (x) heteroaralkenyl of about 5 to about 10 ring 

atoms having 1 to 9 ring carbon atoms and the remainder of 
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the ring at ms heteroatoms selected from oxygea, siilftir and 
nitrogen, which is optionally mono-, di- or tri- substituted 
on the ring csurbons with Yi, Y2 and/or Y3; and 

(h) R7 is selected from the group consisting of 
5 (i) Rlf wherein Ri is as defined above with the 

proviso that Ri is not an canphor derivative or 

heterocycle, 

(ii) -CF3 or CF2H, 

(iii) alkyl of 1 to about 10 carbon atoms, 

10 optionally substituted with -CH2OR10. -CO2R10. -SO2R10. or 
-CONRioRii, wherein each of R^g ^11 is independnetly 

selected and is alkyl of 1 to about 4 Ccirbon atoms or 
hydrogen, 

(iv) alkenyl of about 3 to about 10 carbon atoms, 
IS, optionally substituted with -CH2OR10, -CO2R1O/ 

-S02RlO#or -CONRiQRii, 

(v) cycloalkyl of 3 to about 10 carbon atoms, 
optionally sxabstituted with -CH2OR10, -CO2Ri0/ -■SO2Rl0r 
or -CONRioRll, 

20 (vi) heteroaryl of about 5 to about 10 ring atoms 

having about 1 to about 9 ring carbon atoms, optionally 
substituted with -CH2OR10, -CO2R10. -SO2RIO/ or 
-CONRioRii, and 

(vii) alkyl of 1 to about 3 carbon atoms 
25 substituted with heteroaryl of about 5 to about 10 ring atoms 
having about 1 to about 9 carbon atoms, optionally 
substituted with -CH2OR10* -CO2R10* -S02RlOrOr -CONRioRn, or 
pheunnaceutically acceptable salts thereof. 

30 2. A con^KJxmd according to cl«dm 1, wherein X is 

selected from the groxip consisting of a direct link, -SO2-, 
and -NH-S{0)2-. 



3* A compound according to claim 2, vAierein X is 
35 -SO2-. 
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4. A compotind according to claim 1, wherein Ri is 
selected from the group consisting of alkyl, fiorallQ^l, and 
aryl. 



5. A compound according to claim 4, wherein Ri is 
aralkyl selected from substituted benzyl and unsubstituted 
benzyl, or i§ aryl selected from substituted phenyl, 
unsubstituted phenyl, substituted naphthyl and unsubstituted 
10 naphthyl. 



sxabstituted with a group selected from the group consisting 
of methyl, methoxy, fluoro, chloro, trif luoromethyl , and 
15 ^ -OCF3. 

7. A compound according to cledm 5, wherein Ri is 
cyclohexyl or cyclohexylmethyl. 

* 

20 8. A coimoxind according to claim 4, wherein Ri is 



5 



6. 



A compound according to claim 5, wherein R^ is aryl 



aralkyl. 



9. 




hydrogen . 



25 



10. A compoxind according to claim 1, wherein R3 is 
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(b) al]Qri of 1 to 6 carbon atoms substituted with Z5, 
wherein Z5 is selected from the group consisting of hydrogen, 
-OH, -0R8* -CH3, halogen, -C(0)OH, -C(0)0R8/ -S(0)30H and 
-S(0)pR8, 

5 (c) alkyl of 1 to 3 carbon atoms substituted with cyclic 

alkyl of 3 to 5 cairbon atoms, 

(d) alkenyl, 

(e) cycloallqyli 

(f ) heteroeuryl, 

10 ( g ) he t eroarallc^l , and 

(h) trif luoromethyl . 

12. A con^iound according to claim 11, wherein R4 is 
selected from the group consisting of methyl, ethyl, 

1^ propenyl, allyl, propyl, isopropyl, butyl, (R) -sec-butyl, 
(S) -sec-butyl, isbbutyl, 1-pentyl, (R)-2-pentyl, (S)-2- 
pentyl, 3-pentyl, (S)-l- (2-methyl) -butyl, (R)-2- (3-methyl) - 
butyl, l-(3-metlQrl)-butyl, {R)-l- {2-methyl) -butyl, 
cyclopentyl, 2-pyrrolyl, 3-pyrrolyl, l-hexyl, {S)-2.-he3Qrl, 

20 (R)-2-hexyl, (R)-3-hexyl, (S)-3-he3Vl, hydroxy, -ORfi, wherein 
Rg is alkyl of 1 to about 4 carbon atoms, phenyloxy, -0CF3^ 
and halogen. 

13. A con^oxmd according to claim 1, wherein R5 is 

25 selected from the group consisting of hydrogen, halogen, 

alkyl of 1 to about 5 carbon atoms, trif luoromethyl, alkos^ 
of 1 to about 4 carbon atoms. 

14. A compound according to claim 13, wherein R5 is 
30 hydrogen. 

15. A compound according to claijn 1, wherein R5 is 
selected from' the group consisting of: 

(a) hydrogen, 

35 (b) alkyl of 1 to about 12 carbon atoms substituted with 

26. 
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(c) al^yl of 1 to about 3 carbon atozas sxibstituted with 
cycloallcyl, 

(d) alkenyl of about 2 to about 6 carbon atoms which is 
optionally stabs tituted with cycloalkyl, 

5 (e) aralkyl of about 7 to about 15 carbon atoms which 

* 

is optioneJLly sxdDstituted on the alkyl chedn with hydroxy or 
halogen, and optionally mono-, di- or tri- sxibstituted with 
Yi, Y2 and/ or Y3. 

(f ) heteroaralkyl ring of about 5 to about 10 ring 
10 atoms having 1 to about 9 ring carbon atoms and the remainder 
of the ring atoms heteroatoms selected from oxygen, sulfur 
and nitrogen, which is optionally sxabstituted on the allq^l 
ch^T" with hydroov or halogen, and optionally mono-, di- or 
tri-substituted with Yi, Y2 and/or Y3, 

15 (g) aralkenyl of about 6 to 15 caurbon atoms which is 

optionally mono-, di- or tri-s\ibstituted on the aryl ring 

with Yi, Y2 and/ or Y3, and, 

. (h) heteroaralkenyl of about 5 to about Ip ring atoms 

having 1 to 9 ring carbon atoms and the remainder of the ring 
20 atoms heteroatoms selected from oxygen, sulfur and nitrogen, 

which is optionally mono-, di- or tri- substituted with Yi, 

'Y2 and/ or Y3. 

16. A compoxind according to claim 1, wherein R4 and R5 

25 are ind^endently selected from the group consisting of 
Ivdrogen and metliyl and Rg is selected from the group 

consisting of aralkyl of about 8 to about 13 carbon atoms, 
-O-aralkyl, -NH-aralkyl, and -S(0)p-arallqrl of about 7 to 

about 12 carbon atoms. 

30 

17. A compound according to claim 16, wherein said 
aralkyl group has an aryl group selected from \msubstituted 
phen/l, substituted phenyl, substituted naphthyl and 
xinsubstituted naphthyl. 

35 

18. A conpound according to claim 17, wherein said aryl 
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group is substituted with a substituent selected from the 
group consisting of methyl, methoxy, fluoro, chloro and 
trif luoromethyl . 

19* A compound according to claim 15, wherein Rg is 
selected from the group consisting of phenylethyl, 
pheny Ipropyl , cyclohexylethyl and cyclohexylpropyl . 

20. A contpoxmd according to clsdm 1, wherein R7 is 
selected from the group consisting of hydrogen, methyl, 
difluoromethyl and trif luoromethyl. 

21. A compowd according to cletim 20, wherein R7 is 
hydrogen or methyl. 

22. A compound according to claim 1, wherein R7 is 
selected from the group consisting of: 

■ 

(a) alkyl of 1 to about 10 carbon atoms, optionally 
substituted with -CH2OR10, -CO2R10* -S02Rlo,or -CQNRioRn, 

(b) alkenyl of about 3 to about 10 carbon atoms, 
optionally stdDstituted with -CH2OR1O/ -CO2R10* -SO2Rl0r 
or -CONRioRli, 

. (c) cycloalkyl of 3 to about 10 carbon atoms, 
optionally sxabstituted with -CH2OR10. -C02RlO# -SO2Rl0/Or 
-CONRioRll, 

(d) heteroaryl of about 5 to about 10 ring atoms having 
about 1 to about 9 ring carbon atcans, optionally substituted 
with -CH2OR10, -C02RlOr -SO2R10* or 

-CONRioRii, and 

(e) alkyl of 1 to sibout 3 cairbon atoms substituted with 
heteroeuiyl of about 5 to about 10 ring atoms having about 1 
to about 9 cttbon atoms , optionally siibstituted with -CH20Rio* 
-C02RlO# -SO2R1O1 and -CONRioRn. 

23. A compound according to claim 1, wherein R5 and Rg 
are independently selected from hydrogen and methyl, and R4 
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is selected from th group consisting of hydrogen, methyls 
ethyl, propenyl, allyl, propyl, isopr pyl, butyl, 
(R) -sec-butyl, (S) -sec-butyl, isobutyl, 1-pentyl, 
(R)-2-pentyl, (S) -2-pentyl, 3-pentyl, (S)-l- (2-methyl) -butyl, 
(R) -2- {3-metlyl) -butyl, 1- {3-methyl) -butyl, 
(R)-l-(2-methyl) -butyl, cyclopentyl, l-hesqrlr (S}-2-hexyl, 
(R)-2-hexyl, (R)-3-he:vl# and 
{S)-3-hexyl. 

24. A compound according to claim 1, wherein R4, R5, 
and R6, are independently selected from hydrogen and methyl. 

25* A compound according to claim 1, wherein az^ two of 
R2' ^4' ^5' Rg are hydrogen, 

26. A compound according to claim 1, wherein X is 
-S(0)2-i Rl is substituted or unsubstituted aralkyl* and R3 

is 




27. A caapouRd according to claim 26, wherein Ri is 
substituted or unsubstituted benzyl. 
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28. A con^omd of the fonmila: 
Rs 




^7 (II) 

where 1x1/ 

5 (a) X is selected from the grottp coxisisting of -S(0}2-i 

-N(R')-S(0)2-, -(C=0)-, -0C(=0)-, -NH-C(=0)-, -P (0) (R- ) - and 

a direct link, wherein R' is hydrogen, allQrl of 1 to about 4 
carbon atoms, aryl of about 6 to about 14 carbon atoms or 
aralkyl of about 6 to about IS carbon atoms, and R" is -NR' , 
10 -OR* , "R* , or -SR' ; 

(b) Ri is selected from the group consisting of: 

(1) alJtyl of 1 to about 12 carbon atoms, 

(2) alkyl of 1 to about 3 carbon atoms siabstituted 
with cycloalkyl of about 5 to about 8 carbon atoms, which 

15 optionaJ.ly is sidDstituted in the ring carbons with hydrosQ^l, 
amino, guanidino, amidino, Ci to C3 alkyl, Ci to C3 alkos^r, 

or CO2R' 0 

(3) cycloal]^! of 3 to about 15 carbon atoms, 
which optionally is substituted in the ring carbons with 

20 hydroxyl, amino, guanidino, amidino, Ci to C3 edkyl, Ci to C3 
alkoxy, or C02R'# 

(4) heterocycloalkyl of 4 to about 10 ring atoms 

with the ring atoms selected from ccirbon and heteroatoms, 

wherein the heteroatoms axB selected from the group 
25 consisting of osQ^en, nitrogen, euid S(0)i, wherein i is 0, 1 

or 2, and which is optionally substituted on the ring ccirbons 
with hydro5Qrl, amino, guanidino, amidino, Ci to C3 alkyl, Ci 
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to C3 alkoxy, or C02R'# 

(5) heterocyclo of 4 to about 10 ring atoms with 
the ring atoms selected from carbon and heteroatoms, wherein 
the heteroatoms are selected from the group consisting of 
oxygen, nitrogen, and S{0)i, and which is optionally 

substituted on the ring carbons with hydroxyl, amino, 
guanidino, ainidino, Ci to C3 allQrl/ Ci to C3 alkosq/, or 

C02R' * 

(6) alkenyl of about 2 to about 6 ceurbon atoms 
which is optionally substituted with cycloalkyl of about 3 to 
about 8 carbon atoms, which optionally is substituted on the 
ring carbons with hydro:vl# amino, guanidino, amidino, Ci to 
C3 fiQkyl, Ci to C3 alkojQT/ or C02R*/ 

(7) fiuryl of about 6 to about 14 caurbon atoms which 
fis optionally mono-, di- or tri-substituted with Yi, Y2i 

and/or Y3, 

(8) heteroaryl of 5 to 14 ring atoms with the 

* 

ring atoms selected from caurbon and heteroatoms, wherein the 
heteroatoms are selected from oxys^n, nitrogen, and S{0)i, 

and which is optionally mono-, di- or tri-s\ibstituted on the 
ring carbons with Yi, Y2/ and/ or Y3, 

{9) aralkyl of about 7 to about 15 carbon atoms 
which is optionally substituted on the alkyl chain with 
hydroxy or halogen and which is optionally mono-, di-, or 
tri-substituted on the aryl ring with Yi, Y2, and/ or Y3, 

(10) heteroaralkyl of 5 to 14 ring atoms with the 
ring atoms selected from carbon and heteroatoms, wherein the 
heteroatoms are selected from oDcygen, nitrogen, and S(0}i, 

which is optionally substituted on the alkyl chain with 
hydro:^ or halogen and which is optionally mono-, di- or tri- 
sxibstituted on the ring carbons with Yi, Y2# and/ or Y3, 

respectively, 

(11) aratlkenyl of about 8 to about 16 ceurbon atoms 
having 6 to about 14 ring atoms which is optionally mono-, 
di-, or tri-substituted on the aryl ring with Yi, Y2. and/ or 

Y3 , respectively, 
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(12) heteroaralkeryl of 5 to 14 ring atoms with the 
ring atoms selected from carbon and heteroatoms, wherein the 
heteroatoms are selected from osQ^en, nitrogen, and S(0)i, 

and which is optionally mono-, di- or tri-sxibstituted on the 
ring carbons with Yi, Y2, and/ or Y3, respectively. 



atoms. 



(13) O 




(14) HO 




(15) 




HaC^CHj 




(16) OH, 



(17) perfluoroalltyl of 1 to about 12 carbon atoms, 

(18) perfluoroaryl of about 6 to about 14 carbon 

(19) perfluoroaryl aDqrl of about 7 to about 15 



(20) l^drogen, and 

— N V — N V 

(21) , vfeerein is a 5 to 7 member 



heterocyclic ring having 3 to 6 ring carbon atoms, where V is 
-CH2-, -S(=0)-, -S(0)2- or -S-, 

wherein Yi, Y2# and Y3 are 
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(i) independently selected from the group 
consisting f hydrogen, halogen, cyano, nitre, tetrazolyl, 
amino, guanidino, amidino, methylamino, methylgxianidino, 
-CF3, -CF2CF3, ^CF2H, CH(CF3)2/ -C (OH) (CP3) 2* -0CF3r 

5 -OCF2CF3, -0C(0)NH2, -0C(0)NH2l, -0C(0)N2l22/ -NHC(0)Zi, 
-NHC(0)NH2/ -NHC(0)NZl, -NHC (0)NZlZ2, -C{0)OH, -CI0)NH2, 
-C(0)NH2i, -C(0)N2lZ2r -CtOOZ^, -P(0)3H, -P(0)3H2, -PH(0)OH, 
-P{0)3(Zl)2* -S(0)3H , -S(0)ja2i^ -Z^. -OZi, -OH, -NH2, -NHZx, 
and -NZiZ2f wherein m is 0, 1 or 2, and Z^ and Z2 are \ 

10 independently selected from the group consisting of alkyl of 
1 to about 12 carbon atoms, aryl of about 6 to about 14 
carbon atoms, heteroaryl of about 5 to about 14 atoms having 
1 to about 9 carbon atoms, arallcyl of about 7 to about 15 
carbon atoms, and heteroairalkyl of about 6 to about 11 atoms 

15 having about 3 to about 9 carbon atoms, or 

(ii) Yi and Y2 are selected together to be 

-0C[(Z3) (Z4)lj^-, wherein g is an integer from 1 to 4 and Z3 
and Z4 are independently selected from the group consisting 
of hydrogen, alkyl of 1 to about 12 carbon atoms, aryl of 
20 about 6 to about 14 carbon atoms, heteroaryl of about 5 to 
about 14 atoms having 1 to about 9 carbon atoms, aralkyl of 
about 7 to about 15 carbon atoms, and heteroarallcyl of about 
6 to about 11 atoms having about 3 to about 9 csurbon atoms; 

(c) R2 is selected from the group consisting of 

25 lydrogen, allQrl of 1 to about 4 carbon atoms, and alkenyl of 

about 2 to about 4 carbon atoms; 

(d) , R4 is selected from the group consisting of 

(i) -Rl# -ORi, -NHRi, -S{0)nRl^ wherein n is 0, 1 
or 2, and Ri is as defined above, with the proviso that Ri is 

30 not a camphor derivative or heterocycle, 

(ii) -CF3, -CF2H, -0CF3i -OCF2H, 

(iii) halogen, 

(iv) all^l of 1 to 6 carbon atoms substituted with 
Z5, wherein Z5 is selected from the group consisting of 

35 Ivdrogen,. -OH, -ORs, -CH3, halogen, -C(0)OH, -C(0)0R8 and 
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-S(0)pR8/ wherein Rs is alkyl of 1 to about 6 carbon atoms, 
and p is 0, 1 or 2, 

(v) all^l of 1 to 3 carbon atoms siibstituted with 
cyclic alJcyl of 3 to 5 carbon atoms, 

(vi) alkenyl of about 3 to about 6 carbon atoms, 

(vii) cycloalkyl of about 3 to about 10 carbon 

atoms, 

(viii) heteroaryl of about 5 to about 10 ring atoms 
having 1 to about 9 ring carbon atoms and the remainder ok 
the ring atoms heteroatoms selected from oxygen, sulfur and 
nitrogen, and 

(ix) heteroaralkyl of about 5 to about 10 ring 
atoms having 2 to about 15 czurbon atoms which include 1 to 
about 9 ring carbon atoms and the remainder of the ring atoms 
heteroatoms selected from oxygen, sulfur and nitrogen; 

(e) R5 is selected from the group consisting of 

(i) -Rl/ -ORi, -NHRi, -S(0)nRl/ wherein Ri is as 
defined above, with the proviso that Ri is not a camphor 

derivative or "^^^ heterocycle, 

(ii) -CF3, -CF2H, -OCF3, -OCF2H, and 

(iii) halogen; 

(f) Re is selected from the group consisting of 

(i) -Rl, -ORi, -NHRi, -S{0)nRl, wherein Ri is as 
defined above, with the proviso that Ri is not a canqphor 

derivative or heterocycle, 

(ii) -CF3, -CF2H, -OCF3, -OCF2H, 

(iii) halogen, 

(iv) all^ri of 1 to about 12 caurbon atoms 
sxibstituted with Zs, wherein Zg is selected from the group 
consisting of hydrogen, hydroxy, halogen, -OR9, -NHRg, 
•C(0)OH, -C(0)0R9, and -S(0)pR9, wherein R9 is alJ^rl of 1 to 
about 12 carbon atoms, eiryl of about 6 to about 10 cfiurbon 
atoms, aralkyl of about 7 to about 12 carbon atoms, 
heteroauryl of about 5 to about 10 ring atoms 1 to about 9 
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ring carbon atoms and the remainder of the ring atoms 
heteroatoms selected from oxygen, sulfur and nitrogen, which 
is optionally mono-, di- or tri- substituted in the ring 
carbons with Yi, Y2 and/or Y3, and heteroaralkyl of about 5 

5 to about 10 ring atoms having about 2 to about 15 carbon 
atoms which include 1 to about 9 ring carbon atoms and the 
remainder of the ring atoms heteroatoms selected from oxygen, 
sulfur and nitrogen, which is optionally mono-, di- or trir 
substituted in the ring, carbons with Yi, Y2 and/ or Y3, 

10 (v) alkyl of 1 to about 3 ceurbon atoms substituted 

with cycloalkyl of about 3 to about 8 carbon atoms, 

(vi) alkenyl of 2 to about 6 carbon atoms which is 
optionally substituted with cycloalkyl of about 3 to about 8 

* 

carbon atoms, aryl of about 6 to about 10 carbon atoms, or 
15 . heteroaryl of about 5 to about 10 ring atoms having 1 to 
' about 9 ring carbon atoms, 

(vii) arallcyl of about 7 to about 15 ccirbon atoms 
which is optioncLlly substituted on the alkyl chain with 
hydro^cy or halogen, and optionally mono-, di- or tri- 

20 sxibstituted with Yi, Y2 and/ or Y3, 

(viii) heteroaralkyl of about 5 to about 10 ring 

atoms having 1 to about 9 ring Ccirbon atoms and the remainder 

of the ring atoms heteroatoms selected from oxygen, sulfur 

and nitrogen, which is optionally substituted on the eilkyl 

25 chain with hydroxy or halogen, and optionadly mono-, di- or 
tri-substituted on the ring with Yi, Y2 and/or Y3, 

(ix) aralkenyl of about 6 to 15 carbon atoms which 
is optionally mono-, di- or tri-substituted on the aryl with 
Yi, Y2 and/ or Y3, and 

30 (x) heteroaralkenyl ring of about 5 to about 10 

ring atoms with 1 to 9 ring carbon atoms and the remainder of 
the ring atoms heteroatoms selected from oxygen, . sulfur and 
nitrogen, which is optionally mono-, di- or tri- substituted 
with Yi, Y2 and/ or Y3; 

* 

35 (g) R7 is selected from the group consisting of 

(i) Ri, wherein Ri is as defined above, with the 
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— N 

proviso that R7 is not an Ri camphor derivative or 

heterocycle, 

(ii) -CF3 or CF2H, 

(iii) alkyl of 1 to about 10 carbon atoms, 

5 optionally substituted with -CH2OR10, -COaRiOi -SO2R1O/ 
-CONRioRll/ wherein each of Ri and R^ is independently 
selected and is all^rl of 1 to about 4 carbon atoxns or 
hydrogen, 

* 

(iv) alkenyl of about 3 to about 10 carbon atoms, 
10 optionally substituted with -CH2OR10. CO2Rl0r -SO2R1O1 

CONRioRllf 

(v) cycloalkyl of 3 to about 10 ceorbon atoms, 

optionally substituted with -CH2OR10. -CO2R1O/ -SO2R1O/ 

t 

-CONRioRll- 

IS (vi) heteroaryl of about 5 to about 10 ring atoms, 

having about 1 to about 9 ring carbon atoms which is 
optionally substituted with -CH2OR1O/ CO2R1O/ -SO2R1O/ or 
-CONRioRii, and' 

(vii) allqrl of 1 to about 3 carbon atoms 
20 substituted with heteroaryl of about 5 to about 16 atoms 
having 1 to about 9 carbon atoms, which is optionally 
substituted with -CH2OR10, CO2Rl0r SO2RIO/ CONRioRll; and 
(h) is selected from the group consisting of 

(i) alkyl of 1 to about 12 ccurbon atoms which is 
25 optionally substituted with amino, amidino or gxianidino, 

(ii) arall^l of 7 to about 15 ceurbon atoms which is. 
optionally sxibstituted on a ring carbon with amino, amidino, 
or guanidlno, 

(iii) 2Lryl of about 6 to about 14 carbon atoms which 
30 is optionally stabstituted on a ring carbon with amino, 

amidino, or guanidino, 

(iv) heteroaralkyl of 5 to about 14 ring atoms 
having 1 to about 9 ring carbon atoms and the remainder of 
the ring atoms heteroatoms selected from oxygen, nitrogen and 

35 sulfur which is optionally substituted on a ring carbon with 
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amino, amidino or gueoiidino; and 

.(j) TS is selected from the group consisting of 



(i) 


-CHO, 


(ii) 


-C(0)CF3, 


(iii) 


-C(0)CF2CF3, 


(iv) 


-C(0)-C{0)-NHRi3, 


(V) 


-C(0)-C (0)2^13/ 


(vi) 


-C(0)-C(O)-NRi3Rl4, 


(vii) 


-B(0Ri3) (OR14). 


(viii) 


-C{0)CH2C1, aoad 


(ix) 


-C (0) -Ri5 ; 



wherein R13 and R^^ are independently selected from hydrogen 
,ti lower alkyl of 1 to about 6 carbon atoms, cycloalkyl of 3 to 
about 10 carbon atoms, arall^rl of 7 to about 15 csurbon atoms, 

15 and heteroarall^l of about 5 to about 10 ring atoms having 
about 2 to about 15 carbon atoms which include 1 to about 9 
ring carbon atoms and the remainder of the ring 'atoms 
heteroatoms selected from oxygen, nitrogen and sulfur; or 
when TS is -B{0Ri3) (OR14) then OR13 and OR14 may be taken 

20 together to be -OtC{23) {Z4)lqp-; and R15 is selected from aryl 
of 6 to about 14 carbon atoms and heteroauryl of 5 to about 14 
ring atoms having 1 to about 13 ring carbon atoms and the 
remainder of the ring atoms selected from oxygen, nitrogen 
and sulfxir; and pharmaceutically acceptable salts thereof* 
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29. A cospovmd of the formula: 




O R2 
I 

R7 



5 wherein 

(a) X is selected from the group consisting of -S{0)2-/ 
-N(R')-S(0)2-, -C(=0)-, -0C(=0)-, -NH-C(=0)-, -P (0) (R' ) - and 

a direct link, wherein R' is hydrogen, allqrl of 1 to about 4 
^caurbon atoms , eiryl of about 6 to about 14 csurbon atoms or 
10 lauratlkyl of about 6 to about 16 carbon atoms, and R" is -NHR*, 

-OR* , -R' , or -SR* ; 

(b} Ri is selected from the group consisting of: 

♦ 

(1} alkyl of 1 to about 12 carbon atoms, 

(2) allQ^l of 1 to about 3 carbon atoms siobstituted 
15 with cycloal)Qrl of about 5 to about 8 carbon atoms, which 

optionally is substituted on the ring carbons with hydroxyl, 
amino, guanidino , amidino, Ci to C3 alkyl, Ci to C3 fiilkoxy, 

or -C02R' # 

(3) cycloalkyl of 3 to about 15 carbon atoms, 

20 which optionally is sxibstituted on the ring carbons with 

hydroxyl, amino, guanidino, amidino, Ci to C3 alkyl, Ci to C3 

alkoxy, or -C02R* # 

* 

(A) heterocycloallcyl of 4 to about 10 ring atoms 
with the ring atoms selected from carbon and heteroatoms, 
25 wherein the heteroatoms cure selected from the group 

consisting of oxygen, nitrogen, and S(0)i, wherein i is 0, 1 

or 2, and which is optionally substituted on the ring carbons 
with hydroxyl, amino, guanidino, amidino, Ci to C3 alkyl, Ci 
to C3 alkoxy, or -C02R'# 
30 (5) heterocyclo of 4 to about 10 ring atoms with 
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the ring atoms selected from carbon and heteroatoms, wherein 
the heteroatoins are selected from the group consisting of 
oxygen, nitrogen, and S(0)i, and which is optionally 

siabstituted on. the ring carbons with hydroxyl, amino, 
5 guanidino, amidino, Ci to C3 all^l/ ^1 to C3 alkoxy, or 

-CO2R'/ 

(6) alkenyl of 2 to about 6 carbon atoms which is 
optionally substituted with cycloeilkyl of about 3 to about 8 
carbon atoms, which optionally is substituted on the ring 

10 carbons * with hydroxyl, amino, guanidino, amidino, Ci to C3 

alkyl, Ci to C3 alkoxy, or -C02R* * 

(7) aryl of about 6 to about 14 carbon atoms which 
is optionally mono-, di- or tri- substituted with Yi, Y2, 

and/ or Y3, 

15 t* (8) heteroaryl of 5 to 14 ring atoms with the ring 

.atoms selected from carbon and heteroatoms, wherein the 
heteroatoms eure selected from oxygen, nitrogen, and S(0)i, 

and which is optionally mono-, di- or tri-substituted on the 
ring carbons with Yi, Y2, and/or Y3, 

20 (9) airalkyl of about 7 to about 15 carbon atoms 

which is optionally substituted on the alkyl chain with 
hydroxy or halogen and which is optionally mono-, di-, or 
tri-substituted on the aryl ring with Yi, Y2, and/or Y3, 

(10) heteroaralkyl of 5 to 14 ring atoms with the 

25 ring atoms selected from carbon and heteroatoms, wherein the 
heteroatoms are selected from oxygen, nitrogen, and S(0)i, 

which is optionally substituted on the alkyl chain with 
hydroxy or halogen and which is optionally mono-, di- or tri- 
substituted on the ring carbons with Yi, Y2, and/ or Y3, 
30 (11) aralkenyl of about 8 to about 16 carbon atoms 

having 6 to about 14 ring atoms which is optionally mono-, 
di-, dr tri-substituted on the aryl ring with Yi, Y2/ and/or 

Y3. 

(12) heteroaralkenyl of 5 to 14 ring atoms with the 
35 ring atoms selected from carbon and heteroatoms, wherein the 
heteroatoms are selected from oxygen, nitrogen, and S{0)i, 



I 
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and which is optionally mono-, di- or tri-substituted on the 
ring carbons with Yi, Y2, and/or Y3, 



10 



IS atoms. 



(15) 



H,C 




(14) HO 



HjC^CHa 




HjC^CHa 




(16) OH, 



(17) perfluoroall^l of 1 to about 12 czurbon atoms, 

(18) perfluoroazyl of about 6 to about 14 carbon 

(19) perfluoroaralKyl of about 7 to about 15 carbon 

(20) hydrogen « and 

— — N V 

(21) , wherein A*-^ is a 5 to 7 



* 

20 heterocyclic ring having 3 to 6 ring carbon atoms, where V is 
-CH2-, -0-, -S(=0)-, -S(0)2- or -S-, and 
wherein Yi, Y2, and Y3 are 

(i) independently selected from the group 
consisting of hydrogen, halogen, cyano, nitro, tetrazolyl, 
25 amino, guanidino, ainidino, methylamlno, metlylguanidino. 
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-CF3, -CF2CF3, -CF2H, -CH(CF3)2/ -C(OH) {CF3)2, -OCF3, 
-OCF2CF3, -0C{0)NH2. -0C(0)NHZ1. -0C(0)NZiZ2* -NHC(0)2i, 
-NHC(0)NH2/ -NHC{0)NH2l, -NHC(0)NZlZ2. -C(0)OH, •C{0)NH2, 
-C(0)NH2l, -C(0)NZ1Z2, -CCOOZi, -P{0)3H, ~P(0)3H2, -PH(0)OH, 
5 -P (0)3 (21) 2. -S(0)3H , -StOj^Zi, -2i. -OZ^, -oa, -NH2, -NHZi, 
and -NZ1Z2/ wherein m is 0, 1 or 2, and Zj^ and Z2 are 

independently selected from the group consisting of alkyl of 
1 to about 12 carbon atoms, axyl of about 6 to about 14 
carbon atoms/ heteroaryl of about 5 to about 14 atoms having 
10 1 to about 9 carbon atoms, aralkyl of about 7 to about 15* 
carbon atoms, and heteroaralkyl of about 6 to about 11 atoms 

having about 3 to about 9 carbon atoms, or 

(ii) Yi and Y2 are selected together to be 
-OC[(23) (Z4)],0-, wherein q is an integer from 1 to 4 and Z3 

15 tand Z4 are independently selected from the group consisting 
of hydrogen, alkyl of 1 to about 12 carbon atoms, aryl of 
about 6 to about 14 carbon atoms heteroaryl of about 5 to. 
about 14 atoms having 1 to about 9 carbon atoms, aralkyl of 
about 7 to about 15 carbon atoms, and heteroaralkyl of about 

20 6 to about 11 atoms having about 3 to about 9 carbon atoms, 

(c) R2 is selected from the group consisting of 
hydrogen, alkyl of 1 to about 4 carbon atoms, and alkenyl of 
about 2 to about 4 carbon atoms, 

(d) R3 is 

25 




where d is an integer from 0 to 5; 



(e) R4 is selected from the group consisting of 

(i) -Rl, -ORi, -NHRi, -S(0)nRl. wherein n is 0, 1 
30 or 2, and Ri is a defined above, with the proviso that Ri is 
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— N V 

not a camphor derivative r heterocycle, 

(ii) -CF3, -CF2H, -0CF3,or -OCF2H, 

(iii) halogen, 

(iv) adkyl of 1 to 6 carbon atoms substituted with 
5 Z5, wherein Z5 is selected from the group consisting of 

hydrogen, -OH, -0R8, -CH3, halogen, -C(0)OH, -C{0)0R8 and 
-S{0)pR8/ wherein Rq is alkyl of 1 to about 6 ceorbon atoms, 
and p is 0, 1 or 2, 

(v) alJQrl of 1 to 3 carbon atoms substituted with 
10 cycloallQrl of 3 to 5 carbon atoms, 

(vi) alkenyl of about 3 to about 6 carbon atoms, 

(vii) cycloalkyl of about 3 to about 10 carbon 

atoms , 

(viii) hetero2uryl of about 5 to about 10 ring atoms 
15 . having 1 to about 9 ring Ccirbon atoms and the remainder of 

the ring atoms heteroatoms selected from o^gen, sulfur and 
nitrogen, and 

(xi) heteroaralkyl of about 5 to about 10 ring 
atoms having 2 to about 15 carbon atoms which include 1 to 
20 about 9 ring carbon atoms and the remainder of the ring atoms 
heteroatoms selected from oxygen, sulfur and nitrogen; 

(f) is selected from the group consisting of 

(i) -Rli -ORi, -NHRi, -S(0)nRl/ wherein Ri is as 
defined above, with the proviso that R-i is not a camphor 

25 derivative or heterocycle, 

(ii) -CF3, -CP2H, -0CF3,or OCF2H, and 

(iii) halogen; 

(g) ^6 is selected from the group consisting of 

(i) -Rl# -ORi, -NHRi,or -S(0)nRl# wherein Ri is as 
30 defined above, with the proviso that Ri is not a ca2:5)hor 



— N V 

derivative or \^ heterocycle, 

(ii) -CF3, -CF2H, -0CF3,or -OCF2H, 

(iii) halogen, 

(iv) alkyl of 1 to about 12 csurbon atoms 
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siabstituted with Z$, wherein Zs is selected from the group 
c nsisting of hydrogen, hydroxy, halogen, -OR9, -NHR9, 
-C(0)OH, -C(0)0R9, and -S(0)pR9, wherein Rg is alkyl of 1 to 
about 12 Cfiurbon atoms, aryl of about 6 to about 10 carbon 

5 atoms, arallQrl of about 7 to about 12 carbon atoms, 

heteroaryl of about 5 to about 10 ring atoms having 1 to 
about 9 ring carbon atoms and the remainder of the ring atoms 
heteroatoms selected from oxygen, sulfur and nitrogen, which 
is optionally mono-, di- or tri- sxibstituted on the ring wi^th 

10 Yi, Y2 and/ or Y3, or heteroaralkyl of about 5 to about 10 

ring atoms having about 2 to about 15 carbon atoms which 
include 1 to about 9 ring carbon atoms and the remainder of 
the ring atoms heteroatoms selected from oxygen, sulfur and 
nitrogen, which is optionally mono-, di- or tri- sxjbstituted 
15 ^ on the ring with Yi, Y2 and/or Y3i 

(v) alkyl of 1 to about 3 caurbon atoms substituted 
with cycloallcyl of about 3 to about 8 caurbon atoms, 

(vi) alkenyl of 2 to about 6 carbon attorns which is 
optionally substituted with cycloall^l of about 3 to about 8 

20 carbon atoms, aryl of about 6 to about 10 carbon atoms or 
heteroaryl of about 5 to about 10 ring atoms having 1 to 
about 9 ring caurbon atoms, 

(vii) aralkyl of about 7 to about 15 carbon atoms 

which is optionally substituted on the alkyl chain with 

25 hydroxy or halogen, and optionally mono-, di- or tri- 
substituted on the aryl ring with Yi, Y2 and/ or Y3/ 

(viii) heteroaralkyl of about 5 to about 10 ring 
atoms having 1 to about 9 ring carbon atoms and the remainder 
of the ring atoms heteroatoms selected from axygexi, sulfur 

30 and nitrogen, which is optionally sxabstituted on the all^l 
chain with hydroxy or halogen, and optionally mono-, di- or 
tri-stibstituted on the ring cairbons with Yi, Y2 and/ or Y3, 

(ix) aralkenyl of about 6 to 15 carbon atoms which 
is optionally mono-, di- or tri-substituted on the aryl ring 

35 with Yi, Y2 and/or Y3. and 

(x) he ter oar alkenyl of about 5 to about 10 ring 
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atoms having 1 to 9 ring carbon atoms and the remainder of 
the ring atoms heteroatoms selected from oxygen, sulfur and 
nitrogen, which is optionally mono-, di- or tri- substituted 
on the ring carbons with Yi, Y2 and/or Y3; and 

5 (h) R7 is selected from the group consisting of 

(i) Rl/ wherein Ri is as defined above with the 

^^^^^^^ 

N V 

proviso that Ri is not an camphor derivative or 

heterocycle, 

(ii) -CF3 or CF2H, 

10 (iii) alkyl of 1 to about 10 carbon atoms, 

optionally sxibstituted with -CH2OR10* -CO2R10, -S02RlO# or 
-CONRioRll* wherein each of R^q ^uid Rn is independnetily 

selected and is alkyl of 1 to about 4 carbon atoms or 
H hydrogen, 

IS (iv) alkenyl of about 3 to about 10 carbon atoms, 

optionally substituted with -CH2OR1O/ -CO2R10* 
-S02RlO#or -CONRioRll/ 

(v) cycloalkyl of 3 to about 10 c«boh atoms, 
optionally sxibstituted with -CH2OR1O/ -CO2R1O/ -SO2R1O/ 

20 or -CONRioRllr 

(vi) heteroauryl of about 5 to about 10 ring atoms 
having about 1 to about 9 ring carbon atoms, optionally 
sxibstituted with -CH2OR1O/ -C02RlO# -SO2Rl0r or 
-CONRioRll, and 

25 (vii) alkyl of 1 to about 3 csirbon atoms 

siabstituted with heterosuryl of about 5 to about 10 ring atoms 
having about 1 to about 9 carbon atoms, optionally 
substituted with -CH2OR10, "C02RlO# -S02RlO/or -CONRio^^ll* or 
pharmaceutically acceptable salts thereof; 



30 



30. A compoxmd according to claicr. 29/V4ierein X is 
selected from the group consisting of a direct link, -SO2-, 

and -NH-S(0)2-. 



35 



31. A conpoxind according to claim 30, wherein X is 
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-S02-. 

32. A compotind according to claim 29 # wherein Ri is 
selected from the group consisting of alkyl, aralkyl, and 

5 aryl. 

33. A con^joiind according to claim 32/vherein Ri is 
aralkyl selected from sxjbstituted benzyl and vuisubstituted 
benzyl, or is aryl selected from sxabstituted phei^l, 

10 tinsubstituted phenyl, sxjbstituted naphtlyl and unsubstituted 
naphthy 1 . 

34. A confound according to claim 33/ wherein Rj is euryl 
substituted with a group selected from the group consisting 
15 '^^ of methyl, methoxy/ fluoro, chloro, trif luorometlrfl, and 
1 -OCF3 . 



35. A compoiind according to claim 33/ wherein Ri is 
cyclohesQ^l or cyclohes^lmethyl • 

20 

36. A compound according to cledLm 3 2, wherein Ri is 
aralkyl . 

37. A compound according to claim 2 9, wherein R2 is 
25 hydrogen. 

38. A con^xind according to claim 29, wherein R4 is 
selected from the group consisting of: 
(a) hydrogen, 

30 (b) allcyl of 1 to 6 carbon atoms sxabstituted with Z5, 

wherein Z5 is selected from the group consisting of l^drogen, 
-OH, -ORB, -CH3, halogen, -C(0)OH, -C(0)0R8i -S(0)30Hand 
-S(0)pR8, 

(c) allqrl of 1 to 3 carbon atoms substituted with cyclic 
35 allcyl of 3 to 5 carbon atoms, 

(d) alkenyl. 
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(e) . cycloaUcyl, 

( f ) heteroaryl , 

(g) heteroar2J.kyl, and 

(h) trif luoromethyl . 

39. A compoxind according to claim 38 i wherein R4 is 
selected from the group consisting of methyl, ethyl, 
propenyl, allyl, propyl, isopropyl, butyl, (R) -sec-butyl, 
(S)-sec-butyi, isobutyl, 1-pentyl, (R) -2-pentyl, (S)-2- 
pentyl, 3-pentyl, (S) -1- (2-methyl) -butyl, {R)-2-{3-methyl)- 
butyl, l-(3-methyl) -butyl, (R)-l- (2-methyl) -butyl, 
cyclopentyl, 2-pyrrolyl, 3-pyrrolyl, 1-hexyl, (S)-2-hexyl, 
(R)-2-he:vl, (R)-3-hexyl, (S)-3-hexyl, hydroxy, -ORa, wherein 
Rg is alkyl of 1 to about 4 caxbon atoms, phenyloxy, -OCF3, 
and halogen. 

40, A compound according to claim 29/vAierein R5 is 
selected from the group consisting of hydrogen, halogen, 
alkyl of 1 to sQjout 5 caxbon atoms, trifluoromethyl, alkoxy 
of 1 to about 4 carbon atoms. 

41 . A confound according to claim 40 , wherein R5 is 
hydrogen. 

25 42. A confound according to claim 29, wherein Rg is 

selected from the group consisting of : 

(a) hydrogen, 

(b) alkyl of 1 to about 12 carbon atoms substituted with 

30 (c) allcyl of 1 to about 3 carbon atoms substituted with 

cycloalkyl, 

(d) alkenyl of about 2 to about 6 carbon atoms which is 
optionally substituted with cycloadJ^l, 

(e) eural]^! of about 7 to about IS carbon atoms \^ich 
35 is optionally substituted on the allQrl chain with hydro^Qr or 

halogen, and optionally mono-, di- or tri- substituted with 



10 



15 



20 
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Yl, Y2 and/ or Y3, 

(f) heteroaralkyl ring of about 5 to about 10 ring 
atoms having 1 to about 9 ring ceorbon atoms and the remainder 
of the ring atoms heteroatoms selected from oxygen, sulfur 

5 and nitrogen, which is optionally substituted on the alkyl 
chain with hydroxy or halogen, and optionally mono-, di- or 
tri-sxibstituted with Yi, Y2 and/or Y3, 

(g) aralkerryl of about 6 to 15 carbon atoms which is 
optionally mono-, di- or tri-substituted on the aryl ring 

10 with Yi, Y2 and/or Y3/ and, 

(h) heteroaralkenyl of about 5 to about 10 ring atoms 
having 1 to 9 ring carbon atoms and the remainder of the ring 
atoms- heteroatoms selected from oxygen, sulfxir and nitrogen, 
which is optionally mono-, di- or tri- substituted with Yi, 

15 £Y2 and/ or Y3 . 

43. A compoxond according to claiim 29 / wherein R4 and R5 

are independently selected from the group consistjing of 
hydrogen and methyl and R6 is selected from the group 

20 consisting of aralkyl of about 8 to about 13 carbon atoms, 
-O-arall^l, -NH-aralkyl, and -S(0)p-aralkyl of about 7 to 

about 12 csurbon atoms. 



44 . A con5)ound according to claim 43 , wherein said 
25 aralkyl group has an aryl group selected from unsxabstituted 
phenyl, sxabstituted phenyl, sxibstituted naphthyl and 
\msubstituted naphti^l. 

45- A coit?DO\ind according to claim 44, wherein ssd-d aryl 
30 group is sxabstituted with a sxibstituent selected from the 
group consisting of methyl, methoxy, fluoro, chloro and 
trif luoromethyl . 



45 • A compound according to claim 42, wherein Rg is 
35 selected from the group consisting of phenylethyl, 
pheny Ipropy 1 , cyclohes^lethyl and cyclohes^lpropyl • 
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47. A compotind according to claim 29, wherein R7 is 
selected from the groxjp consisting of hydrogen, methyl, 
difluoromethyl and trif luoromethyl . 

48. A compound according to claim 47, wherein R7 is 
hydrogen or methyl. 

49 . A compound according to claim 29 , wherein R7 is 
selected from the group consisting of; 

(a) alkyl of 1 to about 10 carbon atoms, optionally 
substituted with •CH2OR1O/ -CO2Rl0i -S02RlOfOr -CONRioRn, 

(b) alkenyl of about 3 to about 10 carbon atoms, 
optionally substituted with -CH20Rio, "C02Rio# -S02RlO# 

^^'or -CONRioRll, 

(c) cycloalkyl of 3 to about 10 cairbon atoms, 
optionally substituted with -CH2OR10, -CO2R1O/ -S02Rio#or 

-CONRioRlli 

(d) heteroaryl of about 5 to about 10 ring atoms having 
about 1 to about 9 ring carbon atoms, optionally substituted 
with -CH2OR1O/ -CO2R1O/ -SO2R1O/ ox 

-CONRioRll, and 

(e) alkyl of 1 to about 3 carbon atoms substituted with 
heterccuiyl of about 5 to about 10 ring atoms having about 1 
to about 9 ceirbon atoms, optionally siJDStituted with -CH2OR10, 
-CO2R10, -SO2R1O1 and -CONRioRll. 

50. A con5>ound according to claim 29, wherein R5 and Rg 
are independently selected from hydrogen and methyl, and R4 
is selected from the group consisting of hydrogen, methyl, 
ethyl, propenyl, allyl, propyl, isopropyl, butyl, 

(R) -sec-butyl, (S) -sec-butyl, isobutyl, 1-pentyl, 
(R)-2-pentyl, (S) -2-pentyl, 3-pentyl, (S) -1- {2 -methyl) -butyl, 
(R) -2- (3-methyl) -butyl, 1- (3 -methyl) -butyl, 
(R)-l-(2-methyl) -butyl, cyclopentyl, 1-hexyl, (S)-2-hexyl, 
(R)-2-hexyl, (R)-3-hexyl, and 
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(S)-3-hexyl. 

51. A compound according to claim 29 /Wherein R4, R5, 
and R6# a^re independently selected from lydrogen and methyl. 

5 

52. A compotmd according to claiim 29, wherein any two of 
R2* R4' ^5' ^ ^® hydrogen. 

S53 . A coii5>ound according to claim 29 wherein d is 2 . 

10 

54. A compoxand according to claim 53, wherein X is 
-S(0)2-/ and Ri is sxjbstituted or unsubstituted arallqrl. 

55. A confound according to claim 54/ wherein Ri is 
15 ^ sxabstituted or unsiibstituted benzyl. 

A compound of the formula: 
R5 




1 

R7 (II) 

20 wherein I 

(a) X is selected from the group consisting of -5(0)2"/ 
-N(R')-S(0)2-, -(C=0)-, -0C{=0)-, -NH-C{=0)-, -P (O) (R" ) - and 

a direct link/ wherein R' is hydrogen/ alkyl of 1 to about 4 
carbon atoms, aryl of about 6 to about 14 carbon atoms or 
25 aralkyl of about 6 to about 16 carbon atoms/ and R" is -NR' , 

• * 

-OR', -R', or -SR'; 

(b) Ri is selected from the groifl? consisting of: 
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(1) alkyl f 1 to about 12 carbon atoms, 

(2) alkyl of 1 to about 3 carbon atoms substituted 
with cycloalkyl f about 5 to about 8 carbon atoms, which 
optionally is substituted in the ring carbons with hydro^^l, 

5 amino, guanidino, amidino, Ci to C3 alkyl, Ci to C3 alkoxy, 
or CO2R' I 

(3) cycloalkyl of 3 to about 15 ceurbon atoms, 
which optionally is sxibstituted in the ring carbons with 
hydroxyl, amino, guanidino, amidino, Ci to C3 alkyl, Ci tci C3 

10 alkoxy, or CO2R', 

(4) heterocycloalkyl of 4 to about 10 ring atoms 
with the ring atoms selected from ccorbon and heteroatoms, 
wherein the heteroatoms are selected from the group 
consisting of oxygen, nitrogen, and S(0)i, wherein i is 0, 1 

15 t* or 2, and which is optionally sxibstituted on the ring carbons 
, with hydroxyl, amino, gueuiidino, amidino, Ci to C3 alkyl, Ci 
to C3 alkoxy, or CO2R', 

(5) heterocyclo of 4 to about 10 rin^ atoms with 

the ring atoms selected from cairbon and heteroatoms, wherein 

20 the heteroatoms are selected from the group consisting of 
oxygen, nitrogen, and S(0)i, and which is optionally 

substituted on the ring carbons with hydroxyl, amino, 
guanidino, amidino, Ci to C3 alkyl, Ci to C3 alkoxy, or 
CO2R' , 

25 (6) alkenyl of about 2 to about 6 carbon atoms 

which is optionally substituted with cycloalkyl of about 3 to 
about 8 carbon atoms, which optionally is svibstituted on the 
ring carbons with hydroxyl, amino , guanidino, amidino, Ci to 
C3 allqrl, Ci to C3 alkoxy, or CO2R' r 

30 (7) aryl of about 6 to about 14 carbon atoms which 

is optionadly mono-, di- or tri-substituted with Yi, Y2/ 
and/or Ys, 

(8) heteroauiyl of S to 14 ring atoms with the 
ring atoms selected from carbon and heteroatoms, wherein the 
35 heteroatoms are selected from oxygen, nitrogen, and S(0)i, 

and which is optionally mono-, di- or tri-s\2bstituted on the 
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ring carbons with Yi, Yz* and/or Y3, 

(9) aralkyl of about 7 to about 15 caurbon atoms 
which is optionally siibstituted on the alkyl chain with 
hydzoxy or heilogen and which is optionally mono-, di~, or 

5 tri-substituted on the aryl ring with Yi, Y2, and/or Y3, 

(10) heteroaralkyl of 5 to 14 ring atoms with the 

ring atoms selected from carbon and heteroatoras, wherein the 
heteroatoms are selected from oxygen, nitrogen, and S(0)i, 

which is optionally substituted on the alkyl chain with 
10 lydroxy or halogen and which is optionally mono-, di- or tri- 
siibstituted on the ring carbons with Yi, Y2. and/or Y3, 

respectively, 

* 

(11) euralkenyl of about 8 to alpout 16 carbon atoms 
having 6 to about 14 ring carbons which is optionally mono-, 

15 fc'di-, or tri-s\jbstituted on the aryl ring with Yi, Y2i and/ or 

1 YS , respectively, 

(12) heteroaralkenyl of 5 to 14 ring atoms with the 
ring atoms selected from caurbon and heteroatoms,. wherein the 
heteroatoms are selected from os^en, nitrogen, and S(0)i, 

20 and which is optionally mono-, di- or tri-substituted on the 
ring carbons with Yi, Y2, and/ or Y3, respectively, 



(13) O 




25 




(14) HO 



HjC^CHa 



(15) 
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(16) 



H,C 




15 



20 



25 



30 



(17) perfluoroal)Qrl of 1 to about 12 carbon atoms, 

S (18) perfluoroearyl of about 6 to about 14 carbon 

atoms., 

(19) perfluoroetryl allcyl of about 7 to about 15 ' 
Ccirbon atoms, 

(20) hydrogen, and 

— N V — N V 

10 (21) , wherein ^->' is a 5 to 7 member 

heterocyclic ring having 3 to 6 ring carbon atoms, where V is 

3 -S{=0)-, -5(0)2- or -S-, 

I wherein Yi, Y2, and Y3 are 

(i) independently selected from the group 
consisting of hydrogen, halogen, cyano, nitro, tetrazolyl, 
amino, guanidino, amidino, methylamino, methylguanidino, 
-CF3, -CF2CF3/ -CF2H, <3(CF3)2* -C(OH) (CF3) 2, -OCF3, 
-OCF2CF3, "0C(0)NH2, -OC(0)NHZl, -C)C (0)N2lZ2 , -NHC(0)Zi, 
-NHC(0)NH2. -NHC(0)NZi, -NHC (0)N2l22, -C(0)OH, -C(0)NH2, 
-C(0)NHZi, -C{0)NZiZ2, -C(0)OZi, -P(0)3H, -P(0)3H2, -PH(0)OH, 
-P{0)3(Zi)2, -S(0)3H , -S(0)mZi^ -Z^, -OZj^, -OH, -NH2, -NHZl, 
and -NZi22/ wherein m is 0, 1 or 2, and 2^^ and Z2 are 

independently selected from the group consisting of alJcyl of 
1 to about 12 carbon atoms, aryl of about 6 to about 14 
c2irbon atoms, heteroaryl of about 5 to about 14 atoms having 
1 to about 9 C2urbon atoms, aralkyl of about 7 to about 15 
carbon atoms, and heteroaraDQ^l of about 6 to eQx5ut 11 atoms 
having about 3 to about 9 carbon atoms ^ or 

(ii) Yi and Y2 are selected together to be 
-0C[(Z3) (Z4)]^0-, wherein q is an integer from 1 to 4 and Z3 

and Z4 are independently selected from the group consisting 

of hydrogen, alkyl of 1 to about 12 carbon atoms, aryl of 
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about 6 to about 14 carbon atoms heteroaryl of about 5 to 
about 14 atoms having 1 to about 9 carbon atoms, aralkyl of 
about 7 to about 15 carbon atoms, and heteroaralkyl of about 
S to about 11 atoms having edDOUt 3 to about 9 ceirbon atoms; 
5 (c) R2 is selected from the group consisting of 

hydrogen, all^l of 1 to about 4 carbon atoms, and alkenyl of 

about 2 to about 4 carbon atoms; 

(d) R4 is selected from the group consisting of 

(i) -Rl/ -ORi, -NHRi, -S(0)nRlf wherein n is 0, ''1 

10 or 2, and Ri is as defined above, with the proviso that Ri is 



— N v 

not a camphor derivative or heterocycle, 

(ii) -CF3, -CF2H, -CX:F3, -OCF2H, 

(iii) halogen, 

J, (iv) al)cyl of 1 to 6 carbon atoms substituted with 

15 25, wherein Z5 is selected from the group consisting of 
hydrogen, -OH, -ORa, -CH3. halogen, -C(0)OH, -C(0)0R8 and 
-S(0)pR8, wherein Ra is alkyl of 1 to about 6 carbon atoms, 

and p is 0, 1 or 2, 

(v) allQ^l of 1 to 3 carbon atoms substituted with 
20 cyclic ed-l^l of 3 to 5 carbon atoms, 

(vi) alkenyl of about 3 to about 6 carbon atoms, 

(vii) cycloalkyl of about 3 to about 10 carbon 

atoms , 

(viii) heteroaryl of about S to about 10 ring atoms 
25 having 1 to about 9 ring carbon atoms and the remainder of 

the ring atoms heteroatoms selected from oxygen, sulfur and 



(ix) heteroareilkyl of about 5 to about 10 ring 
atoms having 2 to about 15 carbon atoms which include 1 to 
30 about 9 ring carbon atoms and the remainder of the ring atoms 
heteroatoms selected from oxygen, sulfoir and nitrogen; 
(e) R5 is selected from the group consisting of 

(i) -Rl# -ORi, -NHRl, -S(0)iiRl# wherein Ri is as 
defined above, with the proviso that Ri is not a canphor 
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— N V 

derivative r heterocycle, 

(ii) -CF3, -CF2H, -OCF3, -OCF2H, and 

(iii) halogen; 

(f) R6 is selected from the group consisting of 

(i) -Rli -ORi, -NHRi, -S(0)nRl, wherein Ri is as 
defined above, with the proviso that Ri is not a camphor 



— N V 

derivative or heterocycle, 

(ii) -CF3, -CF2H, -OCF3, -OCF2H, 

(iii) halogen, 

(iv) alkyl of 1 to about 12 carbon atoms 
substituted with Zg, wherein Zg is selected from the group 
consisting of hydrogen, hydroxy, halogen, -OR9, -NHR9, 
-C(0)OH, -C(0)0R9, and -S(0)pR9, wherein R9 is alkyl of 1 to 

^about. 12 carbon atoms, aryl of about 6 to about 10 carbon 
-atoms, aralkyl of about 7 to about 12 carbon atoms, 
heteroaryl of about 5 to about 10 ring atoms 1 to about 9 
ring carbon atoms and the remainder of the ring atoms 
heteroatoms selected from o^^rgen, sulfur and nitrogen, which 
is optionaaiy mono-, di- or tri- sxabstituted in the ring 
carbons with Yi, Y2 and/or Y3, and heteroarallcyl of about 5 
to about 10 ring atoms having about 2 to about 15 carbon 
atoms which include 1 to about 9 ring carbon atoms and the 
remainder of the ring atoms heteroatoms selected from oxygen, 
sulf\ir and nitrogen, which is optionally mono-, di- or tri- 
substituted in the ring carbons with Yi, Y2 and/ or Y3, 

(v) alkyl of 1 to about 3 Ccirbon atoms substituted- 
.with cycloalkyl of about 3 to about 8 carbon atoms, 

(vi) alkenyl of 2 to about 6 ceurbon atoms which is 
optionally siibstituted with cycloalkyl of about 3 to about 8 
carbon atoms, aryl of about 6 to about 10 carbon atoms, or 
heteroaryl of about 5 to about 10 ring atoms having 1 to 
about 9 ring carbon atoms, 

(vii) arall^rl of about 7 to about 15 ceirbon atoms 
which is optionally siibstituted on the alkyl chain with 
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hydroxy or halogen, and optionally mono-, di- or tri- 
substituted with Yi, Y2 and/ or ¥3, 

(viii) heteroaralkyl of about 5 to about 10 ring 
atoms having 1 to about 9 ring carbon atoms and the remainder 

5 of the ring atoms heteroatoms selected from oxygen, sulf\ir 
and nitrogen, which is optionally substituted on the alkyl 
chain with hydroxy or halogen, and optionally mono-, di- or 
tri-substituted on the ring with Yi, Y2 and/ or Y3, 

ft 

(ix) aralkenyl of about 6 to 15 carbon atoms which 
10 is optionally mono-, di- or tri-substituted on the aryl with 

Yi, Y2 and/ or Y3, and 

(x) heteroaralkenyl ring of about 5 to about 10 
ring atoms with 1 to 9 ring carbon atoms and the remainder of 

the ring atoms heteroatoms selected from oa^gen, sulfur and 

U * . 

15 nitrogen, which is optionally mono-, di- or tri- sijbstituted 

- with Yi, Y2 and/or Y3; 

(g) R7 is selected from the group consisting of 

(i) Rl/ wherein Ri is as defined above, with the 

— N 

proviso that R7 is not an Ri camphor derivative or 

20 heterocycle , 

(ii) -CF3 or CF2H, 

(iii) alkyl of 1 to about 10 carbon atoms, 
optionally substituted with -CH20Rio# -CO2RIO/ -SO2RIO/ 
-CONRioRll, wherein each of Ri and R^ is independently 

25 selected and is alkyl of 1 to about 4 carbon atoms or 
hydrogen, 

(iv) alkenyl of about 3 to about 10 carbon atoms, 
optionally substituted with -0120^10- C02RlO# -SO2Rl0r 
CONRioRllf 

30 (v) cycloalkyl of 3 to about 10 carbon atoms, 

optionally sxibstituted with -CH20Rio# -CO2Rl0r -SO2RIO/ 

-CONRioRll / 

(vi) heteroaryl of about '5 to about 10 ring atoms, 
having about 1 to about 9 ring carbon atoms which is 
35 optionally sxibstituted with -CH2OR10. CO2R10* -SO2R10* or 
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-CONRioRll, and 

(vii) alkyl of 1 to about 3 carbon atoms 
substituted with heteroazyl of about 5 to about 16 atoms 
having 1 to about 9 carbon atoms, which is optionally 
substituted with -CH20Rio, CO2R10. SO2R10, CONRioRn; and 
(h) R^j is selected from the group consisting of 

(i) alkyl of 1 to about 12 carbon atoms which is 
optionally substituted with amino, amidino or guanidino, 

(ii) cirallcyl of 7 to about 15 carbon atoms which is 
optionally substituted on a ring carbon with amino, amidino, 
or guanidino, 

(iii) aryl of about 6 to about 14 carbon atoms which 
is optionally stibstituted on a ring carbon with amino, 
amidino, or guanidino, 

> l 

(iv) heteroaralkyl of 5 to about 14 ring atoms 
having 1 to about 9 ring carbon atoms and the remainder of 
the ring atoms heteroatoms selected from oxygen, nitrogen and 
sulf xir which is optionally substituted on a ring ^carbon with 
amino, amidino or guanidino; and 

(j) TS is selected from the grotjp consisting of 

(i) -CHO, 

(ii) -CCOCPj, 

(iii) -C(0)CFjCF3, 

(iv) -C(0)-C(0)-NHRi3, 
(V) -C(0)-C(0)jRi3, 

( vi ) -C { 0) -C (0) -NRijRi^ , 

(vii) -B(0Ri3) (OR,,), 

(viii) -C(0)CH,C1, and 

(ix) -C(0)-R^; 

wherein R„ and R,, are independently selected from hydrogen, 
lower allcyl of 1 to about 6 carbon atoms, cycloalkyl of 3 to 
about 10 carbon atoms, aralJcyl of 7 to about 15 carbon atoms, 
and heteroaralk/l of about 5 to about 10 ring . atoms having 
about 2 to about 15 carbon atoms which include 1 to about 9 
ring carbon atoms and ^he remainder of the ring atoms 
li^teroatoms selected from oxygen, nitrogen and sulfur; or 
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when TS is -B(OR^) (OR^J then OR^j and OR^^ may be taken 
t g ther to be -OtCCZ)} {Z^)]qP't soad R^, is selected from azyl 
of 6 to about 14 carbon atoms or heteroaryl of 5 to about 14 
ring atoms having 1 to about 13 ring c2urbon atoms and the 
5 remainder of the ring atoms selected from os^rgen, nitrogen 
and sulfur; and pharmaceutically acceptable salts thereof. 



wo 99/26920 

Figure 1 



1 / 12 



PCTAJS98/25167 





wo 99/26920 



2 / 12 



PCT/US9M5167 



Figure 2 




OCHa OH HHz 



(12) 



wo 99/26920 

Figure 3 



3 / 12 



PCT/US98/25167 





» 



BooHN 




wo 99/26920 

Figure 4 



4 / 12 



PCT/US98/2S167 



BnSOaNH 



NCBz 



BnSOaN 



BnSOaN 



HCB2 




NHCBz 



OH 



(23) 



BnS02N 




wo 99/26920 

Figure 5 



5 / 12 



PCT/US98a5167 




wo 99726920 PCT/US98/25167 

6 / 12 

Figiire 6 





wo 99/26920 PCT/US9«25167 

7/12 

Figure 7 




wo 99/26920 



Figure 8 



PCT/US98/25167 



8 / 12 




CQ2H + 



OBn 



OS) 




r 



f or tta^ lib. 



CI 



O 

(15) 



BnSOsN 




OBn 



UL 




wo 99/26920 



9 / 12 



PCT/US98/25167 




wo 99/26920 



10 / 12- 



Figxire 10 



PCT/US98/25167 




CO2H 





IK, V. 




Vt, VIL 




wo 99/26920 

Figure 11 



11 / 12 



PCm]S98aSI67 




ioriL 



perfluoTDalky]. 




wo 99/26920 



Figure 12 



PCTAJS98/25I67 



12 / 12 



NHBoc^lp 



-O 




Cbz 



hHBoc 





WBOB 




WBoe 



(fiZ). 



NHCbz 



NHCbz 



Ul 



INTERNATIONAL SEARCH REPORT 



im*rn jn«l Appllcactlon No 

PCT/US 98/25167 



A. CLASSIFICATION OF SUBJECT MATTgl ^ ^/^-rn^i i 

IPC 6 C07C279/12 C07C257/18 C07F5/04 C07D211/60 



Acoording to tntemaltenal Paieni Clasoilieation QPC) or to both naBonal dasslflcatton and IPC 

B. FIELDS SeARCHED 

MIrttnum docunontatlon toarenod (classllcation systam folowed by ctasaificatlon aymbola) 

IPC 6 C07C C07D C07F 



Documentatton warehed other than minimum cJocumomallon to tno oxtont that such documerta are inckidod In the fields searched 



Beotronio data base consulted during the intamatlonaJ search (name of data base and, where pradtcal. search lenm used) 



a DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Cilatton of document, with ndication, where appropriate, of the relevarl passages 



Relevant to claim No. 



A £• 



EP 0 672 659 A (ELI LILLY AND COMPANY) 
20 September 1995 
see claim 1 

EP 0 525 877 A (BRISTOL-MYERS SQUIBB 
COMPANY) 10 February 1993 
see claim 1 

FR 2 490 632 A (NIPPON KAYAKU KABUSHIKI 
KAISHA) 26 March 1982 
see claim 1 

WO 96 18644 A (CORVAS INTERNATIONAL, INC.) 
20 June 1996 
see claim 1 

-/- 



1 



m 



Further documants are listed tn the conttnuation of box C. 



ID 



Patent family membem are Bated tn annex. 



* Special categories of cMed docunents : 

'A* documsnt defining the genera) state of the art which is not 
considerBd to be of particular relevance 

"E* earfier document but publahed on or after the International 
filing date 

V docunem wNch may throw doitots on priority claim(s)or 
which Is dted to establish ths publicauon date of another 
eXatton or other special reason (as speoifled) 

"O* document r»f erilng to an oral disclosure, use, exhfcitlon or 
olhar means 

-P* documant publahed prior to the International raing date but 
later than the priorty date claimed 



T later documeni pubttahed after the International faing date 
or priority date and not in conflict wHh the applcalion but 
cited to understand the principle or theory undertying the 
invention 

"X" documont of panlcutar relevarwe; the claimed Inverrtion 
cannot t>e oonsidersd novel or cannot be considered to 
involve an Inventive step when the document is taken alone 

"Y* document of particular relevance: the claimed Inverttion 

cannot be considered to Involve an inventive step when the 
document rs combined with one or more other such docu- 
mente, such combination being obvious to a person sidltod 
in the aft 

document memt>er of the same patent famDy 



Date of the actuat completion of the iniemattonai search 



8 April 1999 



Date of mailing of the International sean:h report 



16/04/1999 



Name and mallng addrasa of ttie ISA 

European Patent Office, P.a 5fi18 Patentlaan 2 
Ni.-2260HVnqsw9l( 
Tel. (*31-70) 340^040. Tx, 31 651 epo nl. 
Fax: {-^31-70) 340-3016 



Authorized officer 



Kapteyn, H 



Foon PCT/ISAS1 0 Istcond jhMt) (^y 1 092} 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



kitaniw ^nal AppOeatlon No 

PCT/US 98/25167 



C.(Conttnu«Uon> DOCUMEOTS CONSIDERED TO BE RELEVANT 



Catagory * 



Otatlon ol docunwnt, with tndieatioi\whM» flppropriato. of m« ratovant paMagos 



Rotovant to dakn No. 



1 



UO 95 35313 A (CORVAS INTERNATIONAL, INC.) 

28 Decetnber 1995 

cited 1n the application 

see claim 1 

WO 95 35312 A (CORVAS INTERNATIONAL, INC.) 
28 December 1995 
see claim 1 



1 



Foan PCTASA/210 (oonitnu^cn d stcond atMvt) (July 1902} 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

i,4ornMUon on p«l«iit limtty member* 



Interm 



M Application No 

PCT/US 98/25167 




EP 672659 



20-09-1995 



EP 526877 



10-02-1993 



FR 2490632 



26-03-1982 



WO 9618644 



20-06-1996 



WO 9535313 



28-12-1995 



US 
AT 
CA 
DE 
JP 

CA 
JP 
US 

OP 
JP 
OP 
CA 
DE 
GB 
US 

US 
US 
AU 
AU 
BR 
CA 
EP 
HU 
JP 



5885967 A 
175404 T 
2143536 A 
69507062 D 
7258287 A 



2075154 A 
7242616 A 
5380713 A 



1585234 C 
2000342 B 
57054157 A 
1183130 A 
3137280 A 
2086380 A.B 
4401594 A 

5656645 A 
5658930 A 
693636 B 
4424896 A 
9509994 A 
2206400 A 
0804464 A 
77888 A 
10510539 T 



WO 9535312 



28-12-1995 



US 


5714499 A 


AT 


176241 T 


AU 


2905495 A 


CA 


2192211 A 


DE 


69507614 D 


EP 


0765339 A 


JP 


10503177 T 


AU 


700808 B 


AU 


2863095 A 


BR 


9508048 A 


CA 


2192210 A 


CN 


.1151166 A 


EP 


0802923 A 


JP 


10503176 T 


NO 


965353 A 


NZ 


288940 A 


WO 


9535311 A 


US 


5703208 A 


US 


5637599 A 


AU 


2905095 A 


CA 


2192686 A 


EP 


0765338 A 


JP 


10506094 T 


US 


5883107 A 



23-03-1999 
15-01-1999 
05-09-1995 

18- 02-1999 

09- 10-1995 

07-02-1993 

19- 09-1995 

10- 01-1995 



31-10- 
08-01- 
31-03- 
26-02- 
03-06- 
12-05- 
30-08- 

12- 08- 

19- 08- 

02- 07- 

03- 07- 
30-12- 

20- 06- 
05-11- 
28-09 

13- 10 



1990 
1990 
1982 
■1985 
■1982 
■1982 
•1983 

■1997 
-1997 
-1998 
-1996 
-1997 
-1996 
-1997 
-1998 
-1997 



03- 02- 
15-02- 
15-01- 
28-12- 
11-03- 
02-04- 
24-03- 

14- 01- 

15- 01- 
18-11- 

28- 12 

04- 06 

29- 10 
24-03 
17-02 
28-01 
28-12 

30- 12 



1998 
-1999 
•1996 
-1995 
-1999 
-1997 
-1998 
-1999 
-1996 
-1997 
-1995 
-1997 
-1997 
-1998 
-1997 
-1999 
-1995 
-1997 



10-06-1997 

15- 01-1996 
28-12-1995 
02-04-1997 

16- 06-1998 
16-03-1999 




PCT7ISM21 0 (p*tw< femiy •>"«> (My 1 Ba2) 



